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ABSTRACT

'he Hamfbo* of Selected Propertes of Air- Reactive and Watet-Reactve MAterials relvesenti the

wink reeutig from the literature Nsearh covering "lu years L930 tduvh 190. Data att presnted on.
the foUowinq properties of the peftinent compounds molecular weight, mo~ltig point, characteritics,

boilng point, vapor pressvis, sytess solubility thermdn amic properties and fla,-mablllty, In
addtim a ltte • b paid to other charactoditics such as taxicry handling and military and• industrial

The material is arranged in three pft. P?&t L norganic Compounds, Put IL Organic Compounds, and

Pait I•. Miscellaneou Compomub (aalyzing complex rcompounds, mixtures and bypoducts of chemical

reactions).
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LI
MWe Handbook of Selected PtopsAtle of Aix- Pusactive And WR~IM-3OAaUVO MO"Wbzl W" ee pepid

C 'in~tdex Contract PO-G-M(4 by the Special BlleRaWJ MM SuC4ion, Science and Techauffg D'vAionJ I~Libreary oi Coagrea.

1950dmwo1968) fa, data an dsp~eti~et of Us. pertinent COMMCIEds. 7% Th a lems derived

irmtetefaxenas identin"isd indicated in &s, fonm *I data AMd ambd to doa IdiA*Aal IP

noe majority ad compactd analyzed aft oponaneously flamiable is ak, mnaw an expiave A i
and/c, water. 7Ue remaining ccinpiwbusd u poemeaowly fainmabia In ka end yate i odmee
unoke, and A few fit so definite category (they axe inpostaesouly laummble tady unode celiela c-
cumtancep or yield a spontaueeusly flammabl*e mpound in contact wIb air end/c woo).

In addition to the caftlage in the iLbiag of Coop,% mwA Use Imp~~i am" ft IftSunH I ceexch~ed woo.
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AM silylew of Meta Zivevatwe
Bibliography of Chemical Reviews
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for an entry cited in marn don ten sepexaft zefexencee tbrogbot se Kendbock.

Arraucerent

The infomiatloi '3 ame properties of the compoanda Au pgesetedt alphoabetcally by chemica "bobi
ana date &sets arranged In Uswee pAt

I. Inorganic compounds
I. Organic composmis

UL Miscellaneus Campo"*d

7Ue flzttwO PeLOW axefm se b isabdivided into geouPI *I cinpcwd. Defta &*so on cmam~vv is
Past 3 aus randomly aiweaged became of Useir Varied chMuical caompanion.
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1. 4d0.aNJcC CMM~jMS

SILVER

Mol. Wt. I Foam.s
107.87 Ag

M.P._ Charcteristic-

960.8-C (79) Solid - white cubic metal (79) 101575 (79)

,d./.p. •r,, _B. P._... l
t.52D (7) 1950-C (79) - (79)

Syrithesig
Prepare ultrafine powder by vacuum (low than 500 microns) evapoertloa and condieaadon (148).

Solubility,
1. alkalbIe solveuts, hot and cold K2 O; r. HNO3 Lot H1SO4 , KCH (79).

FlamM&btyl

Fine powder sponutaneously flammkble (148).

Mol. Wt. s Formulae
S26.9815 (79) Al

_M.__P.I Charataristic.

metallic, ductile (79)

Toxygen (214).

' • •ln/tion tern i ratutgIu

(SLo pos tiolgh 270 meoh)g 645"C (224).

Sobhabillt
i, cold and hot H10, coucentrated A120 3 hot CH3 COOHa a. in dsolvent, HCn H2 So 4 (71).

(2AIF3. &W-3CaF2.) wih calcium fuoride, itIs etfmdb asn neeti r ewe



KEe- ., ,- r dri, d' ;I w pjlt Lusi. i.o [er into air, keep containen closed, do not

rour from one contalner to another (228).

The rmodynaunic properete
heat of fomatiton (Sol)$ 0
heat of fmamtion (llq)s 55 kcal/mol
vrdace tenson 520 dynes/cm (at 750WC)
beat ob fuciono 2550 d-e/i atom (at 6iodc) (177)heat of mlilbuatiom 67497 cal/g atom (at 208, I*K') .

peat of vaporizauom 6S084 € r/9 ato- (at 298.Re ) l h
heat cap ditiys. ct8 czd/*1 (171
therumal co•dlucitdyy 117 Bot/hr/ftZ/(deg F/ft3 ) (17)

Military and industrial uses
Used as Pkho ant, alumIn-um based Ink for printting (2 14).

Flammability$

Dust ma), explode in airn wet alumbnum powder may ignite spotaneoudly In air (228).

' BORON

Mol. Wt1.$ Formula
S10.811 B

M.P..IJ Characteristics
2300C (179) Solid - monoclinic crystals, yellow

or brown amorphous powder (79)
d./p or.I
2.34 (79) B.P.t

2550"C (79)

(1) F.,lectrlysis of fumed bath of KCI or KF and Potassium fluoroborats vnd boric oxide; (2) Heat
boric oxides with powdered Magnesium ; (3) Reduc.e boron halides with gas disprsind,- of molten
&"I• met,,l (190).

U lqup conditions, reaction Products:
&morm burns spontanously in chAl'tl gme, ignoites with heat in nitrous oxides Inan~descent with•

fluor'ine, iodic acid, concentza.ed H"N03, or altrol fluoride (143).

: fI. cold and hot H20; Y. dl.m., HN03 (79)

TMurm odynamfc propsftl~es s
Heat of combustio, 140 Ir-al/mol (199)

Mf~ttry and Industril• ee
to nuclear chen Isray as neutron mbearber, In Ignition rectifiers, Indn alloys to harden other



I.i

Fl ai: m4' bilityi i

Dust Ignitrs hi air (79).

ILRflM

Mol. Wt.: Fomiulas
137.34 He

M,F.,a CFaracteristic.
&SOC (79) Solid-yellow sliver meto1 (195)

d./Ap. qr. i ,, B.P.V
3.5120 (79) 1527-C (79) T ' iS

1140oC (195)

Syotheiiist
(1) 3BaO + 2A1 -- 3Ba + A120 3 (repeat distillation in higO vacuwu) (80)
(2) Da(N3 )2 -* Ba + 3N2 (decomposItIo") (80)

, Solubilityt

d. with evolution of KI in H2 0; s. alcohol; I. C6 H6 (179)

Military and Industrial uses

Used in alloys and pyrotechuics (199J.

• FlamnmabilitZ!
Spontaneously flammable In moist air (43).

BERYLIUUM

Mol. Wt.-s Formula,
9.01 Be

M. P.I Characterlstica
1278 : 5"C (79) Soid - Wray, m.•%al, hexagonal (79)

d.Jp / r. a B, P-.-.1. 34 (79) B7. 0 (7)

297P 70 (71)

Toxlc&ty:
Extremely toxic respiratory poison and eye Irritant; tdwerold Urm t value .002 ag/jn3 (142).

Syntheasi
UltraftUe powder pmepaed by vacuw• (less than S00 microns) evaporat'aa and coudenstLiou (148).

Unique conditionsesct~on products
Beryllium with phoshorus vapors is Incandescent (143).

3
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Solubility,
I. cold H20, 191 z. dilute acid, alutlirc 801veat; sl. P. with d. hot HR2 (79).

Hn4dlingi

Protect from physical darna.gej keep dry; isolat (ramn acids, caus/,s and chlorinated hydir-
carbma Pepurate frnw oxidizing materlals (142).

Pow•.er &Itaneounly flammable (148).

BISMUTH

Mol. Wt. 1 Fotmulas
209.00 El

M. P. I aracterisicr
2.. 3"C (t9!) Solid - red, hard, brittle (214)

d. ý sp.Por. __.. V. P. S

9.8 0(19s) 1420-1•WC (195) 1 i"T (195)

synthesis
Formed from decompouitlon of bismuth cibrate in vacuo at 350C (77).

U Unique conditions, reaction product..
Powdered bismuth bums spontasotuly In gaseous chlorive; ignites at 80"C with liquid chlorine; be-

comes red hot with fuming HNO 3 (143,%.

Flarnmabilit"
Spontaneously flammable (77).

CHARCOAL

(Fresaly czalciied)

Mol. Wt.. Formulas
12.0 C l&upuilrlet

_M_. P..I B.P..
>35W0C (195) 4200oC (19S)

dsp or.:

3.51 (195)

Toxlclt•_

Nil, except slight on ikhalation (195,).

Military aud Industrial useu
Decolorization, filtration, metallurgical absorbent, and arc light electrode (190)

r 4
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F __ -., ,a" WifU a freatuy calicmnei .

CALCJM(

Mol. Wt. 1 FonnalasA
40.08 Ca

M.F.S v P.&

848* .5"C (79) 1240-C (7P) V4.8.

1.54 (70)

Toxicityi

Fumes fron' burning calcium irritating to "Pn, eye *Ad MUsow weimbraeus (195).

Synthestis
(1) electrolysis of fused CaC42(2) reduction of lime with alurminnm (3CaO + 2 Al -0 A 2 0 3 + 3Ca) .(132)

(3) reduction of lime with silicon (8 CaO + ZS1 -+ (MCaO. 5102) + 4Ca)

unique €ondwtions r'• •ut

Yields hydrogen on contact with H 20 (195).

r , Solubilityt
d. in H20 to yield H2 + Ca(OH)2 ; a. ackdb, liquid NH3 ;1 &. a. alco•o 1. C6H# (79)

Store under kerosene or bensae (32), protect from physical damage, keep ftcm water, avoid
high tomperturas (142).

1%ermaodynmni5 prop:e-t/es

Heat oionmbuctons 1S1,71kCJ/mol (132).Miitr and ind ..ia us
Deoxidizer for copper, beryllium and steel; tmd to harden lead for bearingal ueed with derim

In flints (132).

•; ~Flam m abilitW.

Spontaneously flaeim able in air when finely divided (132),

K Mol. Wt.112. 40 C



320. 9C (79) B. P.I V.F.II
7fi7i2\* (nP) j (195)

IL 6Q (79) 4

.82 (WO 1 14)U (79)
1. 13 (oal) (79)

coaest pyxophorio camim eidue o 500-O0Cinis (76). ilt (6)

Solubility$
i. hot and cold H20; 8. acid, NH 4NO3, hot H2 SOo,. (79)

Thearnodynan* Icrogpeslau

latenit best of vaporizatioa 2N6. 4 cal/g
aloctrlcal resistiviytr 4. l2 pahabs~pk 50c)
sindiac tenulii a98 Iynes/cm(at 420&C))

M t~ry aW ndidustuial useso

Used fto elctolaeting (214).

Spontaneously flamaiaable (76).

Mci. tu .Foimuaiaa

140.12 Ce

Md.P.$a Characteristicas
815-C (79) Solid - steel qrsy cryaln,

W4C (195) cuble a whexapoal (195)

d./m. or's B.P.S
6.78 (79) 2417-C (79)

1400C (195)

N41, exclp vrylo o Ingmflestionand ib~aiatk (195).



2IeQ -ii C

SotoLitvs
V iid. d. cold H2 0; d. hot tj~ol . #auita acdld 1. ealkaflaaalys a (79

It ~ ' M1litary and indue!4al Mme
Used ism inagnesL.m and alum-late WOloy IMjuOt. MeceLdcal PIOWUt~e 44 9faý& gyme Of glau, j

ferm aulloyq for (L"r~ and pyrotachmcs (58).

V ~~FRawmabi.Itts
SpostaacOuuy flammnable in air at ISW - 80C (m9).

Mui. wt. I Fm

$ 8.933 cc

1495-C (79) Solid - silver gray, maietelic
cubic (79)

8.9 (75) L~
a ~2S9 C (195)

mWSC (71)

Low by oral ingestion; powder c&wn Waduce demratiti (M8).

(1) 2Co~OlI) + 3112 -4 2CC 4e 4"0 (reduce cobalt (4D) hy~axide &A porcelai betand
resime in stream of hydroens) (80)

a ~ ~ ~ ~ ~ 9 SOIg H0NO= fM1 Co(N0) 3. ftO LAW W0 ml ce~aueied fOI0ft "le, L W"
with H2 0,cestzifuge, and d.-y the violet roe pweclituej grind Minir HAO Mn bWl mm Muxaft

(2 asnt)etrfg £and dr M(SO~).9 0 n80m110reloe apcpeWada

Unique co.ntiUgv. reactkýn guodieJm
hicandescent hhaeyso(4)

Solubility$
1. cold andbot H2 Or . achde (79)

Military OWd industral ufaku
Ured lia Cobalt plating. carbid, type ailoys, and IL bomilaW Miateuial %W GMGUWe Tegeen

c*rbdes (5a).

a' Spontmneously flammable (80).



CHROMdJM

MCI. Wt.$ oml

M.P.$_. Cracteristicma
1930i1C (79) Solid - steel gray, cubic,

very haid (79)

7.2028 (79) S.eP.. V.-P
240C (79) 1166 (79)

(1) Cr2 0 3 +aA -. 2Cr + A12 0 3 (W)
(2) 2K 2[CaC1s(H 20)14 + 3Mg -+ 2Cr + 3MgCl 2 + 4KCI + 2H20 (;0)

UrLwu condltloem, reaction product
Iaaimc•ent with nftrlc oxide (143)j vivid incandescence with fumed potaulumn chlorate (143)1

vivid 2wnde seance with sulfur dioxide (43).

Solubilityr
I. hot and cold H20, HN03, Aq"u rs'gai 0. dilute H2S04, HCI (79)

Spontancouuy flammablc (240).

CESVm

Mai. wt-. ME
132.905 Ce

28.(rC (79) SoW - silver metallic hexagonsl

czywa 179)

1.87sMI (I") 3" P'--IVP,

Peaormced phyalological action, can cause hyperimWlabiLity wth prrawk can causn death in animal
when In the anm* propwUm as potasuiw contest of diev (195).

2 Ceac.4 + Zr- 4C. +Z iCO 4)2 (80)

Unidn, couditioma. reactio ood uctte

Combines viloromly with halides at toampeatunre (10)1 with H20 o s e8m yields heat sad hydro-

gen (195)1 Posble vigmom fi"*t4im wt•h ox••d'd msnags" (195).



H §plubiitv
d. cold H2 O s. liquid W 3 (79)

Thermodv~nelc procertas

conductivity of liquids 10. 65 Btu/hr £ft.P (216)
conductivity of vapoe .0033 tu/hr feF (216)
latent heat of fuulcsn 6.907 Dtu/1b (216)
latent host of vapodsatiou 211.2 ft/lb (216)
Rtsitlvil,,• 14. •,com/in. (216)
Ioniztion potentilas 3.893; volts ý216)
heat of formations 19. 9 kcal/mol (901
specific host (liqo .0572 Btu/lb7F (216)

specific beat (vap)s .0372 3(u/lbF (216)

Military nd Indulstral ulsa
Sensitiwe elements In photocalls, radio tube , and Ion propulsion sysms (100).

FlammabilIts
Spontaneouly flammable in moist air (195)i spontaeoutly flammasble In al at room tempera-

ture If surfacv is clean (143); spontaneouly flammable in dry oxygen (143); at 2AC heat oi r-
action with water sufficient to /gnJt hydrogn released (143).

ccm

MOl. Wt. I Formulas
63.54 Cu

M.P.:
1083C (79) Saod - red metal, cubic (79)

d./B. gt. B..PI V.P._

8.92 (79) 2595"C (79) 1128 (105)
2•C4c (19S)

(1, decompone copper itste jnvacuot 3W.-• C 17(2) vacuu (*0Mk;HM) &yap-

oration and conldenation (148); (3) from sUide ore, coucentrate routing and loaning matte -

reduce due m-tte to crude Or blIWtor copper and re01h0ce eGlctmlytlcally (77).

Unique coalitions, reacton Prod.ucto

Copper foil spontaneoudy ignites in gaeots chlorinm (143).

Solubi~tyi

I. hot and cold H20; 0. HM0 3 , hot H2S04; V. t... HCL, M44OH (79).

Military mad indu•trial mesa
Good coanductot of beat and eLc~tcity, used for aloylag whb odh metals (77).

Flammabilitti

Fhb powders spoataneouly flammable (148).

94



Mo,. Wt.$ Formulas
4032 D2  ',Heavy hydrogen

4
MC P., IC•aracteratcas
.254.4121 (79) Gme - colorlem (79)

2 (79) -249. 7c (79)

(1) 2D2 0 4 2N&..-b D2 + ZNaCO
(2) D2 0 + Mg -+ 2 + MgO9

(3) *1.blectoAA Ci D20(
14) ZD20 ,U -4 U02 +2D

Solubilityl
Ai. s. cold 820 (79)

"Ilnaodynamic proveztea
heat of fusio 47 cal/g (132)
heat of evaporsnous (st 195 mm) 3W2. 3 cal/g (132)

Spoenteousdy flammable (27) t i.

51.36 Eu

M. P.$s disrectugics

1s50 * S0C (79) Sold - mal gray MetW (79)

d. /egg or.,

5.244 (79)

'Reduce the oxide with lamthium or miuh mel (2,00).

Utnuo ccmdltiog, react•on pgMdutct

With H2O Ubstates hydiogen (190)

i. hot and cold H2 0 (78)



*t

t(

Flammabilitl
Oxidizes rapidly in air and may burn spontaneously (190)

II

Mol. Wt.I I
IF55. 847 Fe Ferrust

M. P. t Characteridtcsi
1535"C (19511 Solid - silvek cubic metal (79)

d./sp. aras B-P.' voP.,
7.86 (79) 30ooC (195) 11Tim (19s)

C Toxic Ltyt
Nil, excelt very Low on inhaliaton; threshold limit 15 mg/m 3 as oxidej iron dust can cause con-

junctivitis, chorioiditis and/or retinitis. Iron om dust can came palpebral cofjunctivihsi iron
oxide fumes from weldis.j can cam chronic bronchitis with continuad expoem over 30 ing/m 3 ;
fresh iron oxide fumes can cause metal fume fever (115).

Synthesis
2Fe(OH) 3 A, 2Fe + &IO (SO).

Unique conditions, reaction Product.8

Incandescent reaction with CRF3 (143).

Ignition temperaturel
(99 through 270 muh}) 3M0"C (224).

Solubilitys
I. hot and cold H2 0 I.' acids, alkaline solvents, alcohol, ether (79)

Flammabllity
Pyrophoric powder produced from Fe(OH) 3 if reductieo temperature is lower than 550C (3D)

Mol. Wt. s Formulas
178.49 M"~

M, P...._8 harecteristicla

2330-C (79) Solid - hexagonal (79)

d-__, a. D.___P

13.31(79) >3200C (79)

11 __ __ _
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U I 'I
aT.u.uuAI dcsomnpouition of Its l••tide, reduction of the tetrachloride or of -jw hydro-

florahnfld. with metallic sodlum; reduction of die oxide with a mixttve of calcium ard A

m o d l i m ( 1 3 2) . t

hjaitin tempermturel 4

Due clouds ZWC (U'Fl (80) 
4

s. Mj I. hot anm cold H2O (79)

Spontswously flammable (213)

POTASSIUIM

Mol. Wt., Formula$ SupnMS

39.102 K Kallium

62.3"C (7} Solld - dver cubic metal (79)

d. /..I P.L V.P.I
.SM (7) 7W'C (7) (195)

TozlcitvI
High u iritant, on ingestion Led an Inhalation (195).

KN3 .-4 K +3 /2N 2 (80)

UniqUe cudtms reaction Pboducts;
Yield. KOH + H2 In reaction with H2 0, pta•slium meltf and epotts and releaes sufficient

beat to Ignite H2 reloased, If confined may have expl•lOnI potassium metal will lorw K2 0 2 and
FCp oE K 30 4 at room tam peralum even if stored under mineral oils may explode if handled or cut
(195)5 Igaltes spontaneouly In dry C1. F and N2 Is incandescent w•i CHO03 end Na 2 0Z (14,).

Solt~b•
d. to KOHi n hoto r cold H20, d. alcohols s. acid, Hg, NH 3 (79).

*on in inert atmnosphere or une 02 free liquid or in vacuum glass capeiuls, keep in de-
tached fireproof buildings, do not heat In gla.- to melting point of potassium or a violent
meactio with the glass takes place, dispose of by aih.v*lng small pieces to react with moisture

In ai and turn to potan•tm hydroxide (195).

Thermodynamic worcertee
latent heat of vaporIzations 496 cal/g (122)
heat of combultons 43 Ical/mol (1,180 9Da/lb) (119)

12
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Ii IMilitary and iRk~biAL -uns
Used ims nmthcsis of inorganic potaudum compoumNl; In Organic sUmtbsia lfvodving cOanenal-

tion, debAleganatice, roductlao and polymerito.m ractiolr ued us beat ioafs medium With
sodium (132).

7larnmabl~ltit

Can ignite spontaneously in wolA air and bum, may expldad (195).

Mol. wt. I F••.

6.939 LiIM. uP.$_011ACeW

179"C (79) Sod - at silvr white (10)
LB.s V.P..

(7)1317-C (79) 1 1ý 3 (73)

Toxicity
Slight, very casutic In H20 (195).

(1) LI&r electric. arc bLi +1/2 Dr2 (OD;
(2) Electrolysis of fuwd mixture of LIdI and XCI (108)

(3) Reduce oxide with magnesium or aluminum (108)

Ignitlon temperature:
Autolgnition temperature (in alti 180C (143).

d. cold H2 0 (79); dissolves (wlkh ovolution of H2 ) In dilute HCI or H2 SO4 (131 s. liuM
NIFI (132).

Handitn*
Protect from physical damage; avoid H2 0, high tempertures and Mtiogeated hydlocarbhms

(1421; immerse in hIert 02 fee osolvent (108).

Thermodynamic p(o121ti)n

heat of fuslor 1, 100 cal/mol •

heat capacity (at ZS*C)p •814 c-•/gT I
electclre©/• vSivt'"f 45q.25,0 ohms (at 23WC) (121)

4laftanta and indU.rWA•Am-
Posaiblo use as propellent (108).

Spontaneously flaimmable In air (142).

""3



MAGNESELM

MCo. Wt., Formula:
24,312 Mg

M.P.$._j Characteristics
651"C (79) Solid - uilver white hexagonal

metal (79)

F.d..8. ar.:

1.745 (79J B.P.s V.P._
1179rc 179) 121 (195)

Toxicitys
Injurious if embedded In skn; irritant to respiratery tract (132).

Unique conditions. reaction l.odjt
$pontameously flammable with molst Fe aud Cl; powdered Mg Is incandescent with boron phoi-

pholudide and explodes with chloroform or methyl chlorida(143).

!gnition terjwraturern
(Of passes through 270 me&b 570"C (224).

Solubilityi

I. cold H2 0, CsO2 , alkalue solvents; d. to Mg(CHI.2 in hot H20; s. mineral acids, concentrated
l-F, ammonluns salts (79).

Saway frmj, oxidizing agents, protect from sttic electicity, keep containers grounded,

and handle carefully (229).

heat of formation (vap)s 35.907 cal/snl (at 298. 1"C) (180)
beat at formatlon (sol)g 0 (180)

dipole moments 0 debye (180)
heat o fudon 2.160 cal/mol (180)
heat of vapo-zation 32,517 kcal/g atom (at 1107*C and 760 mm) (180)
heat of combustions -146, 100 cal/mol (181)
critical tmperatures 2100'C (181)
electrical conducivittr 36.6 (132)
sp•ecific heats 249 ca&V9 (:32)

Military ad industrial uses
Used in light alloys, In the manufacture of precise instumnents, in pyrotechnics, flash bulbs,

&ad flans (132).

Flimmabilitys
Fine powder dissipated in air presents dangerous fire and explosion hazard (229),

14



M. P. I CharaCteflsti-U

7.47)B.P.sI V. P. I

2152-C (79) 11282. (7,9)

Maximum allowable concentration is S mg/miss high chronic systemic on inhalation; niodar

ate acitte syst~emic on Inhalation (195).

Electrolyze MnS 4 .41 2 0 + (NH)S0 distill manganese prepared In thin fashion, place In
AIL,03 bo~at, establish a vacuum of At least .005 mmHg, heat to 1250-1350'C, distill metal
deposits as airiall needles on a tubilar nickel sleeve cooled by H2 0 (cold) (OD).

Uniquecodtosratonpoum
Powdered mangauese ignitet and busns brilliantly In Cl, incandesues with F , ircandesces

and feebly explodes with HNQ3 , igoltei In N0 2 (143).

lqnition ternsratures
(63%4 can pas.s through 270 mesh), 450*C (40)

Solubilitys
d.cold and hot H12 0; s. dilute acids (79)

Tlermocdvnajnic properties;
specific heats IS cal/g (132)

latent heat of fusions 63.7 callg (132)

Product of syuthesis extremely reactive and ignites upon exposure to air (SD).

MOLYNDLNUM

rMol. Wt. I Formulas
95.94 Mo

M.P. I Characteristicss
262.0 1 10'C (79) Solid - silvery white metal to grayish

black cubic powder (79)

10.2 (79) B. P.sI V.P.sI
4057760 (79) 13w (195)

15
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t

(1) MoO 3 + !;2 -+ Mo + 3H20 (80)
(2) 3WO2 i 4Ai -, 3o + 2A12 03 (80)

Unique conditions, reaction producto
Incandescrnt reaction with CIF3-, F. and PbO 2 (143).

.hot and cold H2 01 a. hotconcenirated HNO3, hot concentrated H2 S0 4 , aqua reg3a, H-I ad N!"!3 ;
i -sI. . HC I (79)

.I . F Phnmabnli'•y

Spontaneously flanmab•e (240).

SOWUM

Mol. Wt. I Formulas Synosnnns

22.9898 Nu Natri•zni

M.P.$. Choarcterlstdcs

97. q*C (79) Solid - silvery cubic
, ":netL1 (79)

; ~d./sp. Sr. 8
S.9720 (7.) B.P..__ V.P._..8

883C (79) 1.2400 (195)

4.22 (79-0

Toxicity:
Acute kcal, (metallic nodium)' slight irritant, high on ingesion wnd Inhalationj (sodbum smoke)

moderae as hTant, high on Ingeston, reacts exothernally with moiubre of body or Ussue surface
causing thanmal and c.hemlcal burns (195).

§ynthesiss

(1) 2Na2 MoO4 + Zr 4 4Na +M0oO 4 )2 (OD)
(2) 2Na 2 W0 4 + Zr -- 4Me + Zr(WO4 )2 (80)
(3) NaN 3 -4 Na + 3/2N2 (80)
(4) electrolytic production from fused NaCI (190)

r'Ignition temperatures

Autoignition temperaturr above 115"C In dry sir (195).

iolabiflty
d. cold H2 0 to yield N&Ci + H-I2; d. &Ir obol; i. ether, C6.H6 (79)

Keep from moisture, 02 or halidea, use sufficient heat to prevent condensation 1193).

16



dipole moraent•i' 0 debye

heat of foL1EmccliOl (at 29&8 IC)* (sOW) .0
he-at of f(omatioe (at 298, 'C), (vajp) -7•, YZ5 9 c/llmol (182)
lheat of fkvion 63S cal/g &tam

Sheat cJ cornbuttiou 50 kcal/mol (3,920 Ptu/lb) (190)

Mflitmuy'sud induarial uaeu
Used In the manufasctura of sodlum, c pcrn adpu •• 1 ld teti~ yi, ued -in oagabir #yxneab

p&otoelecuic tells ad En sodlov lam4 (132)

Flammsbllilityg

Violent reactiou with liýO liberating ed lgnltJ g hydrog'a (180).
Heated sodium spontaneouuly flammse in asir (1•).

NICKEL

Mol. Wt.$ Fosmulat

___' Characteriteicu

14ssC ('n) So1d - ailver metal,

Sd.Im. '7.3. •cubic (79)

S.90 (79) B.P.. V.P.,
2730-C (791) 71l-1O (1.9S)
2900C (195)A
3177-C (WI)

Lauge quantities cause nausea, vomiting, diarnha, cAntral novow ssystm daepleion and
myocadial d.mge on inestion (132).

(1) NIO+H 2 -4 Ni +1H2 0 (80,'v
(2) decompos." nickel oxaIatW In vacuo at 350'-4•5C (od yIeld)
(3) decompose uickel citrate in vacuo at 3SD-450C (poor yield) (71)
(4) decompose nickel forMLCe in vacuo at 30"-40"C (poor. yield))

!I Solubilltys

I. hot and cold H20, NH 3; s. dilute HNO3I d. s. HCO, H2 SO4 (79)

) irv and Indusial use=

Umed In alloys, catalyst for hydrogenation of saponiflable oils (12).

"rhermod~zml-c wles

specific heat (at lO0C)v . 1123
latent heat of fusions 73 cal/g (132)
Mohs' hardneso 38

17
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Sptsn"oushy flammable (8o). U

I (White or Yellow)

121.n52 P4

44. C (79) Solid - yellow to w*hit cubic n 7
orwax lib (79) 4479)

1.822 (79) S.P..__•s.

ZliOC (793 (79)

lnas omn an irritant but only slightly ,oxk; kavq 4way fboar du jcauuus severe, d•ifcult

to handle burns) (19S).

Ditill comamercial pdodphoru in CO 2 atmouphere to Tomove nmidc at melt whit. Phoxpbhce

(commescial) under dilute chrmauodfusnc acid, stli vWioWy with glass md and after solJlilca-

tion wadi with distilled water (80).

Unique Co2dMUmS.. reaction • •oucti
Gives off dean white imoke of phosephorous psntoxw ab Pdonph1odc acid, vnoke has great

obscuring power (132).

OW35 HP;d. . ot H20;. : aa;MO~ cs.. CaH S' NH3. a~~
etha,, CWCllm,, CO"SCH3 (70).

HIandl with forcoA keep under water (132).

Powerful incendary, bunidag pieces adhere to e'a and clothes, used by, .a s in Wodd

Wat U for .veeamig meakes In hand grenades and mortars. Ncw used extenuively for incendiary
rurpoes bi dteJU and bcr-;u, msd In maches (l8)i used as rat poisam, gas analysis, and with
moel~s tc fo= phosphdes. (132),

Flaminabldtys
Spontaneously flammable is air at W4C (79).

PHOSMHCRCU$
(red)

M1l. Wt. a Formula
123.8952 P4



5904 I7)Sld-rditbm ui

S, ao

Formed from wkt AsV.-,'ueodsd at hi ab cf Oz 21,S).

%pJnig! coniitions. retcton producte

Exlsv he idwt c t~dtt mtrafls~~l (o0e3 (7)

,Cutoig7ition temperature (79)F (7)5.

Ship gihcs or drums , protect from physcal damage, s in coola wit adwquote ve()d1
1 plato, separate fm• othe mateidals (190 (1.

Ha anitin d g4euatral usess

Usd in m.tchne (214).
a Flammabil&Ut

Commercial red phosphoru subject to spentneous combustion In thick isysest critical tlck-

ness of layer defined by Y = 2X (K(T 0 - Ta)/Q31 / 2 whole Y - critical thlkcAhe of lay*,ra in

ceutimsters, above which spontaneous comnbusion occurs, X - distuae in cm fm plane of
wax, K = heat transer coefficient. To W astosbnoustempentnure Ta e ambient taimlz.rtmo,

"Q = heat of reaction in csalcc/sec. The thicknem of layer above which sposaemou cobmainu

occurs is inversely proportional to the temperature of the sAte of glueatioe of beat which Is dl-

rectly proportiosasl to the oxidation rt• of red phoqorm (212).

Mol. Wt. a !EEWIAS
2U7.19 Pb

W. VC (79) Solid -ul svebla-(f "

soft cowig metal (79)
d W-. S -.I
11.218M(79)D., ..

!I .

i .,9



Decemposc tastrato by heatino over slumlawn burner. dried are"a kjmutm2 ho*ý vtl~
putafo cem he~at~ 'be ond EoC lost pyroikorlcity (76)

i. hot mnd cold 1H2 01 s. FINO3, but concauri~atd H2 50, (79)

l aw* atof fusio S.a oal/g

rAdace tondowa 442 dynul/cm (it 35VC)

Mo!.- Wt.t Emmnulas
2-C.09) PU

630.5 12C (79) 32353 9C(9

Igly toxic. 4 195).

Ob~ind by neutrmA bm~bjdnje~tk of U2 38 j7)

Mflkuvv and industrial usess

OtIpi, turnings and fine pusitcles spootnuastouy Ignite j5 6).

RUMULMw

Mol. Wt-I Fannulas



(I) 21b 2Ca0 4 iZr -~4Rb ++, ZsCg 4 2 Y
1, ~) 2Rb2CI2O 7 + Zr -o- 41b UJ 0I (3) PbC + 1/ZCa 4 1/2 COC 2 +Rb

* ~~~UnIge coaditlw&~ reactiOUpon ~
Explauiv weact'u with acids msax~d QIA s (193-)

d. hot and cold H120' ailcohol; 1. aeids k!9)

4 ~~Keep limmersed An dry satiuated hydtcarbom iiqsd ca heat gas atmoafidas (216).

Thermodynamic Proeartiess
w..lgivltys 8.811bohaim/In.I ~ ~~lonizim popptentials 4. 126 valls hrft?(26

* ~thermal coniductivity i11q)s ii168 ku/hr ftF

specific heat (lq s W7Btu/lb'FI ~specific heat (vap)s .0378 kinbLb7
latent beat of fugdwu 11. -79 Ou/lbF
latect heat of vaporitatlou 347. 8 ku/lb

* Miltmr and ,luptiustil usan
Used in rubidium aL~ts, reagent in meolite catalysth and in phokwisaft~ cells (132).

"Enosive rea~tion with H20 (195); i~uftts spontaneously In dry asx (216)l kWnal reaction
f ~with H20 igxdtes hydrogen liberated (143).

MoI. Wt 8 Fennulat
256-51.2 SoSulflurow

S95.5 -112. WC (79) a SOlId - yellow dimHc (79)

yabout 120*C (79) m~crif.c (79)
Y SOW - *0 eyllow

S2.072 (79)
K ~1.96 (79) B.P..

y 1.92 (79) X"iU* (195)f

S144.951c (79) 211

4L4



Very low (19S).

Pui commmrclal ALfur by replated reymvWatm from CS2, ar boll Liquid mulfur with Md0
mA allow to satd at 12*5C ovemsigfiltor settled black dudge dutough glVs wool (MgO and
sldlge aparats rapidly) treat clear filter four times In mma mamar (boil 25-30 hsn) cool vary
dowly get vo'ypure ulfur (80).

Fladk psh 40sV. (19s)

Aaolgoaition tompeatufe, 4WF (195)

Solubutt
J. hot and cold 2101
:L2?CS2 ; &I, -. CGHs 3 , acohol, C6H6, other, Liquid lH 3; s. CC14 (79)
8 70.*C 2 1 s. alcoh4C•,6

y I. CS2

in HjSO4 , vulc&lnzlng ageAt in rubber, ingredlant In gunpowder, corosion resistant cements, 4

Soper meaudacture, *lA"in and mediclne (214).

Spontaeously flamnmable (211)

Sci

28.086 SI

1410W (73) Solid - afeel gay, lr•go to micro
cubic cryal (79)

o~~p r.s .

2.32-2.34 (79) B.P.. V.P.8
2355-C On~ 17 (79)

UjigeA cooditloni, reaction modems
Spmsanow bmaing in gasous chlorin, reacts violenlly with AIF3 (143).

(U% psan thwovh 270 meiho 775'C (240).

I. baot al cold H2O, HFI c. H? mnd RHtOS (79)

8peotmoudmly fltumaable dugt (240).

22
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TI

Maol. Wt.$ ____ul-H 118.69 S_ T

{ rM. P._..• S :hacterstica

231.9"C (195) Solid - gray cubic crysals (195)

F d./zp. gr.1 B.P. s V._P.
S. 75 (195) 226WC (79) j1432 (195)

01)2. 1 (79n)

Decompoe tin oxalate oa tin tartrate in vacu at 350-49€C (77).

Unigq conditions, reaction product
Tin reacts with heated chlorine to yield Ught and more hest; Na2 O2 oxldlrA tin i un-candescenoe, (143).

_Soluiiy
i. hot and cold H 2 0; s. HCI#H 2 SO4, aqua regla, alaLine solvestsi d. i. HNOS (79)

Flammabilit',

Spontaneously flammable whom finely divided (115).

STCHfTWM

Mol. Wi. Formulai
87.62 Sr

M. P. I Chaacterijtcn
752"C (195) Solid - sdiver white to jale
774 C (79) yellow metal (79)

d./sp. ar.a B.P.. V.P..

2.-6W (79) 136"C (79) 10892 (79)

Synthedi
sR(S)2 -* Sr + 3N2 (80)

Solubility,
s. liquid NH 3, HNO3 , HCI, dilute HISO4 (132)

Military and .indutrial utuo
Firewods, red signal flares, tfacer bullets (132).

Flammabllit).
If finely divided ignites on expaume to air (132).

23
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77t U

3. OV (27)

Milituv and Induo-vrlal

flaloatiwtraer(132)

Spwia~oalewy flammabae (27)

active (79)

11.7 (79) LILLu
42XYVC (79)

Credautii adcartai adioactive haumb(195)1 pooible mfe cm~esummiiw n ain ghO

(1) 7ICI4 + 4N& -w 7b+4-I(aseld rdcinwt xlm

(3) 712(N03) 4. 4H2 0 -%,Kh S-tT (lcrld)(0

(4) 7%14 --p IM + 212 (rofluling pmesr)

Us~m asciLc&O ractim ProdpoI~
hcadswAcW reaction with chloelae (143).

(10091 Ancuh 27U medaf)s 270*C (24D).

I. ha uand cold H420; s. HCI, H230 4, aqua regila al. s. HM0 3 (79).

Spamaemoomly lamambak (high aspowder, moderate as chij) (I I).



URANNIM 1
Mol. Wt.$Frua
238.03 U

M. P.. azactadrlc.
I132ih1C (79) Sami - Iklvkow WAGu.-

active (79)

T9.05 *. .0225 (N1) B. P.,

381WC (79)

Toxic"t
High, radioactive, toxic whom Inhaled or rallowe~d, (dtemical plan auullfMc kddx"y)

mxmmacceptable concenbtatio (ACGNI) AS5 mg/rn 3 air (soluble wmawim a @mptmawis)
.2S mg/rn3 ai io ub n animan comp~unmd) (195).

Synthedi
(1) U02 + 2Ca -4 U + 2C&O (metallic calcium' reudne3 oxide) (80)
(2) Radiace U 3 08 by frembly diitilhed calcium~ Is high vacuma (yleb" Vey pure FAsIUMi) (80)

(Cad12 + BrC1 (prisfusod) added to reactant mixture above IinproVea pIocodaMSI (80)
(3) UC14 + 4N&4 U +4NaCI (WD)

(4) UCS + SN*-4 U + SMO~ (OD)

ii ~ ~~Unleaus conditlsoa, reaction zoaci
EXPILAlvC reaction with HN0 3 1 ignitis 1A u N% YAAKUtISCV Whbt

Smat S (143).

ignit~on temperatures
(100% dirough 270 modi)s 2WC (240).

Solubuty
i. hot end cold H2 06eikallna wolvent, alcobblI i. Ac~ds (79)

Thermodynamic gopertiesa
apmcific Meat (at 25-P 6.8GS (132)
heat offusiomu 4.7kualmol (112)

Flammnblta
Powder upontaneously flammiable, sponmstous Igaition may result Im taftwe best wan fiaonea

it dry Ignites in ai, if disprosd In air e2rplodix (12).

Mal. VA. IuMA sswa

3410-C (71) Solid - gfty black evibic (79)

25



"d./m. ari i V Faa I19. &T4 (79) 5900760 (79) 13 (195)

(1) . bunpen is paad by electrys a thermal reductidon e W03 (194)
(2) fhuorddl W In vmtic&Uy rti"g hydiroge s~trsa and follow by, re'daction Of W03 or

&=#noaium pasetunptma0 to pure tungsten powder (grain growt is supprosed by yellow

OxW6 M•eant as OUSPRMdA11) (PZ)

_SoubWWty

specific beat (at 20C)i .032 cal/g/'C (32)
heat of fuAcms 44 callp (132)
beat of vap-oxtsum 1150 ca9/g (132)

M •lr alI~ndu~stal Mae

Incrteae hardmess, rtoughms,, elasticity and tensile strngth of stool, mranufa'ctum alloyt,
f~lamets for incandescent light; and slariom tubes, also used for tinutact points for autmotive,
tohogph, nvdo and TV appartus (152).

0-tuagten epyot~neousy flammable (194)

ZINC

Mol. W. Fortnulas
65.37 Zn

*M. P......a.l
419.47"C (79) Solid - bluish white huxagonal

metl (79)

7.14 (79) B.P.s XV'.P._
90776D (79) 1487 (195)

Toxicity.
When heated it evolves fumes which cause "brass foundars qus" (195); threshold limit of

fawes 15 mg/3i3 (143).

Decompoe tarmate by heeting over alwnlinum buroar, heat dried crystal tarztmates u•til gas
'pensatlon ceases, if heat to 500-600C logss pyropbodeity (16).

"lvyobs H2 with --kal hydroaides (132)o; incadescent reaction rith CS2 , bwran in moit
chlouine, explodes wit best with Manganese chloride r Potau•usm nittatei lncandescent re-
action w~tb selenium or teliUwu,- Or Aa202 (143).
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jtaix tern t~amture:

3- bot &ad cold "20; a. nvld, alkallzc .DIY*Ato 44010c acid (79)

H II. in~~cids1  Jal enate4 hydtocabcas aud 00= g L114LIA hydwo~ dda, pwout c ftMM xaOUUMa (143).

Mohs' hardneaw 2.5 (19S)
olectsrpchenzical e4auivalent& 1. 220 g/an~p hr (195)

M ta-M d_ Industrial useu
Used in alloysl galvanizing Irwa and othtr imitall, SICe'toplikung, huoS (41kctrlca), andanodes (A'90).

Bulk dust in damp st,&te zrany heat spontaneously aniigIAO w XPMUM tO ah' (142).

Mol . Wt.,I MA
91.22 7

l8v7*C (79) SoukI - diver gray mieta (79)

6.49 (79) >2900C (79)

Threr~hold value 5 Mg/m 33 ,22a low for acute ý.nd chrvndc *XPOANeS (.95).

(1) ZrI 4 4 Zr +22.
(2) ZrCIj+ 2C&..-* Zr +2CaO

" 1 ~(3) JC2ZrP6 + 4Na .-A Zr + 2lF + 4U&F (80)
(4) ZC14 +414a -)F Zr +4NaC.
(5) ZCI4 + ZM .-t Zf r ql

tduqe conditions.reci o dast
With borax explodes when hetd xplodes violenty with cuproozic e slU I iht explosiOu with0 Poassum hlo~tA nd eator otosum itrte ndheat (143).

3G4-F (27) e~Prteu5D (1)

Autoignitioutmeaue W 15
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fhl Ity
Sol!bilIUty
i. hot and cold H2 0 I. HF, aqua regi.- si. s. CH 3 COC(i (79)

Ship 10 glLs O metal coCUeirAu IOSide wocdon boxes, metal barrels. Protect from physical

damage, oisolt. frm oxidi"ng mMlSals (142).

rusemiodyna-mic viropStewde

DrMnuelhaidnt 85 (132)

Military and Indwal~t' -ULUa

St i.taal material for atomic reactors (132)

laummabailty
'-owder spontaneouly flammable in air (27).

I!
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(b ALLOYS

* ~C2P.Mt AMALGAM

C.H94 942-57 Cig
C.Hg 4 541.35 Cell 2 4)

Cel-Ig 280.26 Cellg

spontaneousy flammaeble in wir (233)

CXMU-MDIJM ALLOYS

Mol. Wt.g Formialu

Celn 254.!04 Coln23S)

Cehk3 not pym jiaodc (2 35) _ _ 7 II IL

CciCOIMLTYR AMALGAM

lCoH2&(Ho)y

AIl develd a granou tblackc

Concntrted ixteesof CH3 A H9on dm~'m t ai ra



I I
(1) Jec,•y•Tyt reduciron oi cobait by a mevcuvy cathode forms a sUSplsann of fnu e metal powder

in mecury, sepamrtion of mercury by vacuum distillatlon yields cobalt amalgam (15)1 (2) react
sodium amalgam and co•centrated molutlon of cobalt chloride& (3) pAlwnum amalgam in solution
of cobaltus chloride sulphate or ntrat.al raet zinc amalgam in aqueous solticem of ccbaltow chloride
saturated with ammonia (ylelds hydrogen) (131). *

Solubiltvs
1. d. H2 0; i. Hg (131).

Flammabillt,
Spaosta ausly flammable (24).

C-IMOMI f-llALUT ALLOY

Fonnula-(Cr),,(o)y

CharacteristiUc&

Solid - tetragonal crystal (Co~t) (131)

SUnique €ondit/ons. teaction producto
hA Ls.ible in all apeopowtin, minimum crystallintio temeaturem is 13W0C when fund m-an

i has 47%6 chromium, strutural change at 1226"C with 30-IODW chrmilum (131).

Flammabiltv
'We slm amller than Il are spontaneously flammable alloys (240).

•, CESIUDA Alk"•IC ALLOY

!Mol. WAt.$ Formulat

AFlammabili~ty

'lSpatmosy flammable (240).

UZILIM BMLW71H ALLOY

SMol. t, s ormulam

SFI .lammahiit" .

Spicetaneously flamable (h40).

!-
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[ ~ CISIJM-AWANYfIW ALLOY

Mol. Wt.m Iomu

(Cs 3Sb) 595 -41 C23S4

Spotaeoulyflammable (24D).

H ~IRON AMALGAM

Formuld:
(F. )01 9~)y

Solid - guy to black powder (163)

Elctoytic reuton oiio by a xmercur catho a fossms a suspmice of fix. meta powder

in mercury, eparatiou of mercury by vacall- distillation yields to., Lamalgauaa (10).

FlarnmabkI

Spostaneousily flammnable (240).

ParASSAlM-1ARSENICU ALLOY

Mo!.Wt~tFctmulaz

Flammabilitys

Spontaneously flammable (240).

POTASSIJM- ANWHW ALLOY

Mol. Wt. g Formulas

K331

Flammaility



SBO~tar-PW~dY ji)llgl 240).

M-N1YMMf-AXMCW ALLO)Y

('412SO W9 -G
(LaSb L.~ a.68 L~ 23(L&Sbý,) 3M-44 LýSqh2

spM4O'Wz~2ay flammrable (235).

MeL. Wt-a LrrHM u CXH USAl

SPatn""ondY flammable (240),

263.93 A AMa.ascrALO

A lloy Prp ared rO ugb~ nauIting & *tOcWiC= * 'Cm lxtfti~ m Of m uangaagn and bimtma became#u My .-Jpowc after =*euchajja CO=nu (240).

SPOstINeOmly M==uaibi (240).

-c.Wt. -
(HSSN,) 1765. 81 li 3 ~ Ig8NA7, *lgNo, HONa 3,
(tg 3 a) 424.821

(HgNa) 42421 S. DN' SOZd-lh.xagcfW. C-32 oedawd A....tn
( I % N ~ j 4 0 . 1 3H g 2N 4 S O W i t ~ ta g o~ a a c x y" W ( O S )Hq2Ka5 "M~ ahawb,1c Cwga

Hg4 N.l So11d-heyv 1 1

(1) Cleas "odl m etaj Is Cvbed (S wn), a~jma WMl poi d l"O tda d m dly1t n~ em
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vLca!w ,*MC pmw4crr(Mil (2) jx uwi spam bry !&Yws: ai tclmng aw~ Ejeit,

Molgure hx~t&do~i' solid, decompmes wator wr y~sld hydroptn (27).

ilammablltys
Liable to ~Imdcdaa Me~ ttposa bec~iming mroi4t or in contact wliI Waiter (271.

SWIJ21-1POTASSIM ALLOYf

Liquid - silvev white to yallow
ortnge (L-i &U) (142)

Liquid ca~me smverv skrin and eye beario (142).

Unxlgue condlitions. reactkou & ucto
ricacts with water, qewrratas smifiolent bralt to 4pf~te C4-. hydrogen pxodced in the jaence

* ~of air (198)1 reacts vJklcntly with~ CC14 and C02 (442).

Pr~ect from yI1a.LiaL damage ejk. :ma awaytr~ ~JIwater, &VOWIINMO YS0 (19 iI2).N

-Na Gibbs free cezrgy
AM%6 W~ cal/g.ot.~m

609 25, ,OIatomi38)
90,4 13S zaliq Atom

Mu~t.m a&W ind~lqthI Umsm
Used Ci efficirat heat tz~er medium~ I,% some nae-5-z power daaveopw.ants. cetift sinonasl

Si~t Unipohar gmneloWA, ýn til:pIOLX Inahin so rii'. tos current c*U~cw~ for high xrop cuwge~ (198).

spont=Adiay flammable In Orx abiove 115'C P-M9.

scmum ir toI ALLOY

W101. Wt.I
jNaj 5Fb 4) 1173. CP (N&),O%)y

- NaSPb) 529,37 (86)
(iSa.J'b4  1(635 7?5

Z-W.33

U.



:2 (bk1 5Pb) -.380D cale/9 atom A40 V-a/l/ Awnm .7 C1/XM atom

26(Na5 PN) -4W cal/g atom -5000 ceI/9 atom -. 4 esl/*Xg atcm
*3D6 (NS91b 4) -500 Wa/g atom U20 VA/IN atom -7 ca l 'g lactu ~.(80)
3D5 (Nmub) -5350 cal,gq atom -M8M coal/j atoW -1. SCAI IKg aon

. 7016 -34$0 cai/, aom -3500 Cdou~ atom -. 6 CLIPJC atom)
ma (1400)Oat~.~ (27). ) (* 1.0)

WhM~ wet udA H2. whic ayinuasuthsuy 2)

Une l upropatloxs (131)

Combis* inon and nikckl ýa~ate In nitm~Jei, reditce with~ hy&>qvcA M ISWC to ylild 1,oyn-
nickel ailoy (240).

Spottma~wly flamnmable .d~cy (M4).

NIJCK LANTHEM

Ma.Wt. I onwa
256.34 Vi2L* (239)

Spaioaneouuly flammable (238)

EUFMVDEM-ARSENIC ALLOV'

331.34 IA (4h

Spowtsudoiu~y flammabL* (240)

RUBMLJM-3!5hTH ALLOY

Rb3Di (240)

"Spoota ouwy lnammabi. (240).

j H4



I
Mol It aul

lW5LlaM A11S &AT 4I yIAD

Mo!. Wt~a FORMul
(RbSb)37820 b3 ~(Th),(

Unique) 487.04or MEMP, 4 3a
SynXAg+ tanol irmat (240).ý+

mcuu IY. LO

URANVU-BM7Dime ALLOT

Mo!. Wt.$

(UNl) 447.06 LDimt
(U 3W4) 1342. 17 U3114 (2401

SpOmabUtys~il

Spountowy fammale ova D% Uver p~wborc) (40)

* 1*



(C) AMIDU, DIDVESI

CADMIUM AMIDE

144.45 Cd(N11 2)2

Ad. 12W (79)

Cd(S04 2 + ZN23D% Cd(NH2 + 2KSCN (8D)

Spmtanaomu hsdia and possible explosion wida 1120 (143).

CESIUM AMIDS

242 * 1C (73) Said -white needles (79)

By action of ammnuan wn c~aimi hydrkk, allow cauitma ammonia to stand fcwsame
time (151).

d. cold 1120; a. liquid MiH3 (75)

standa h~ost49fama*Iu -25.4 heal/ml (79)

bmiandem atin (143).

22.%6 L8012



~M.4~CReameda (71)

1.17317-5 (132)

jU + NH3 4 LarMz+ 1/2Hl2 (132)

uniqaue conwl!ogi!AuLo ps~lodsgch.
Sublimes ix MaH C00st (132)$ LMNFý + H20 UCH + W3 l32).

Solubility
s. cold HaO d. hot H20S11 al. S.iquid M3H, 'AlcWol I. aebs, Ct,6 (79)

heat of fofnatlon 42 kcal/9 21(tg* A 6 m (132)

Reacto with m~olnre yieldbn a dausatu to" aof %04es (27)

LKnAUM D1THYLAXWDE

~~ ~4,0. Wt. Iu(~ )

Spotamova, y flammable. (53)

MAQIESIUM OLUM9EI
hid. WI.:r&
56.36Mg~H)

d. 3300-400C (79) decomposess (V) sawd - gray powdur 071)

(1)bm cti Of&Ucuk00 lk"S&UCUOf Me(C2 hg Of (2)oM amcutievawe with

vude actiftU with woof to yield azaincula gas (1ts).

d. cold ti~O sacotalti v. ti. s, liquid N3()



Spantaneoudy flamniabl. in aur (195ý.

UK -PI (_rwcterl$ 4 csk
-iC (79) Sodid- white (79)

D.P.$

Na .4.C (50)I Uaiou cO-adit-Ions ro wtinoducto
Uf hoar"t* o deopstotyields highly toxiAc fumes of ammonia and sodium oxide,

reacts with wkorrt toyedbeat and toxic :Dmwalve fumes (195).

di. hot and cold H2 hot alcohol; .I LiqukidIi (79).

* StaeIng hmated coutainer. which preiveznt contact with air because sodium ailme is hydroiyzad
by aftnoopberic mis~*tue3 gradual oxidatin produces mixturt that detonate on heating (132).

t heat Of solutlons -31.06 (at 21-C) (132)
standard heat of fs~matioU -28.4 scialj'uol (79)

Military and hadustoWr uwx
As a dehydrating agent, Ii thrc production of iudigo and hydataine, and s &an Intermediate

in the preparation of sodum r.yulde (132).

ftasnes wltL twall amount ed watir (S0).

I LIAD WIDE

322.-21 PbHuK

CbIw c
Solid - oman wed (M3)

'Nat liquid ammonia solution of powaidum amidat withs a solutio, of lead idie", and an
onange red pro*' pitate Of PhNH is alowly farmed A,131).
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Expldes ith eator diluge acid (131).

d. dilute CH 3 CCOiPi d1Jue Potash, lye; Blow d, stesum (131).

Flammability,

CAPlodet with l-20 (143).

39o



CA"(d) CA W"m

L L.-A jM CA1BVE

mal. Wt -mnj

3.7S (79) Sow -%my eowt (79)

F,.,,, of baWIuVm CrbOUSU, powdered m•aegl..UM and - 4tO't cuban rebon t. Ln Sa 1.-.-reaction yielding badum- carbide. LB.CO 3 + 3Mg + C -+ 3MSO + B&C2] (131).
Unique codIiireaction

Evolves acetylene vapor in contact with moisure (195).

d. cold "20 '.o yield CaH12; d. acid (195).

uari Into flames on contact with small mou of H20 (S0).

CALCIUM CAR.•BE

Mol. Wt.. Fcmuja
64.10

2.22 (103) Solid whikL tebanoal (103)

23D0-C (IN) (9> I. 17S 7

SrDust is &n eye and re-piratory iriant, can cause d.4 bu-ns (142).

(1) beat lUme and carbon in ean ctichma c.,ae (132)
(2) C&O +3C.-. Ca 2.C
(3) C&CQ2 --* C&C2 + AZN2 + CIL(0
(4) C&CM2 + C•-+ CaC2 + N2(niqu condi+icj ructio+ )adu

Yilds acetylene and hydrated liUmem &comtact with moktww (132).

d. ot and cold H20 (10w).

40
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r I

HandligW
Prottct against phyvical damage, store In noucombustible, well -ventlated aesa (without sprinIder

prot.ecion) exclude other poaeble souots of ignidton (142).

Military and Industrial uee
Used to produce acetylene for lighti9ng pwuos ,as a seducing ageot, in sinal fstis for marine service,

aud to we W and cut metals (132).

Flammabilit•

Produces sufficlent heat to ignite acety~one formed an contact with watsf ao too*wA (142).

POTASSIJM GRAPHITE
*

,Mol. Wt,, Forn=u Wa
KCS 1.35. 1 KC 8

KC24 327.1 KC24

ChAractedArtcn
KC$ Solid-d4u copper red to brome
KC. 4 Solid-,eel blue (79)

Unique conditions, reactioun xoductt
SSensitive to afr, moisure and alcohol (195).

EF aLmnbllitv
I. Spontaneously fla•.mable in air (80).

POTASSIUM CAMIDE

14o1. Wt.aI Fknmulas
64.13 KHC 2

d. /sp. qr.t Cbaracteri*1csx
1.37 (79) Solid - colorless rhoambic

crystals (79)

Ume. condHtioM reaction products:

Explorive reaction with H2 0 (143).

SODIUM CARBIE

Mdol. Wt.: Formulas
70.00 Na2 C2

M. P._ ICaracteri*sic"

About 700"C (79) Solid - white powder (79)
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2N& +2C2H2 2HC 2 +H 2 j2Z4aHC,2 -4 Ne2C2 +C2142 (80)

qftm qv-Aftlou. reaction twaducta
3,' . wikh •20 pI H2 so viatldly that en explosion can occur (232).

d. cold H,1O, bt 1H20, ak.. ola s. wd (79)

TITANIUM CAKBEDE

Mol. Wt. I
59.91 TIC

M. P.. Chasacteristicm
3140 90A C (79) Solid - gray cubic metal (79)

B.P.S
4.93 (79) 4120'C (79)

Heat titanic oxide (16D0 pads) ami carbon (70 posts) In am alac,-c arc furnace foa 10
mtmaums [T1 2 + 2C -# TiC + C0 2, (131).

Solubilhiv
1. cold and hot H20; a. Aqua regia, 1NO3 (79)

Military and indtmtrial urse
Additive with tungsten carbide in making cultng tool• and other tools (p,•ts) subjected to thermal

shocko ac-meltig elecftyde, cametU (t40).

Flammabilitys
"As micron-s•zed titanium carbide was being noved from &, bell mill, a cloud of the dust

ignited." 143).

U.ANUM MONOCARBDE

M .. -Wt. Frmulu_
290.07 UC

M.P.$
2. 315 & W5C (193)

12.97 (193)

42.
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ýYnthLeuim

WC +C UC (beat M'stwe 01U02 C t*91owag) (240)).

Uniques conditioms, reaction sisoductis
Reacgtive with water (193).

Theamsndyyuaic wete
Mhermal coodwviativy .06 caI/mc/iouP/C (at 1OW to 700'C and 5 welftW C) (D93)

Military !Wnd lusola urn.
Useduas flssinable dt* carried In a gas in am ADPR (Anaura duA fladirnable rnactm)p o"

was helium8 gairaplte was used as a spodemato and the ducts amd habambezs wan lib" wi~s
.ilieam carbide (112).

Flsammabilitty,

Less than 401J very pyrophodc (240).

UP.ANRMM A

mol. Wt. a Formulug
0 -.S UC2

____1 Chaarctgvktca

2.%.'-2WC 79)Solid - metalick caymW~ (79)

11-2816 (79) 4370760 (79)

d. cold and hot H120, dilute Inorganic, &W&d; I. alooba (79)

Fraumiuabilitys
Spoutancously flammable if particle size lesa than &4.L (240).

ZIRCONIUM CARWDE

Mol0. Wt. S Formula:
103.23 ZrC

M. P.m Cbaracteristica
3540C (190) Solld - gray cubic meWa (79)

_______ ars.P.& ar
6.78 (190) SZDOC (190) .Mmahs (190)

Synthe sist

Heat drconium oxide ajbd coke In an electric furnace (190).



Millt~tw and tdudm tri _sess

]bwtndeve~ent Masueont, abravdweg high temperature electrical contductor (190).

Fine Powder spooks-oudy f1 mable (190)

ZmICON CARU2I OR ZMCk CAR•trRVE!

He" ?lrcoa mineral and caxbou in an electric ar fnaace to yield Zirco carbide w carbbositr'de (14)

"-Air must be kept away from compound as it cools, or it may go up in a spontaneous display

..j14•
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(o) CAIX*UO4I

IRON FINTACA

Mol. Wt.I Yom Ulu
195.90 Fe(CO)S

-21-C (79) LiqWui - vinow yellow (79)

1.4S721 (71 105,87&79 1 (79)

Cassel ai~dzz1i.,u nausea, eNd vomiting an Inhalation, follorwed by uncomscloumass, can Injure liver,
kidneys and brin (195).

Syntheo"s
Fe + SCO Fe(CO) 5 (S0)

Ignition vwiPersturel
flash point s'F (195)

Solub14lyt
1. Cold H20; I. alcohol, ether, C6 6 ~ tlkaline solvents, coucaimtsed H23 0 4 (?9)

Tiermodynamic ra•,-diteM

dipole moments .64-. 81
heat of formation (at 18"C)s -189. 8 kcallmol (132)
heat of fusions 3.25 kcal/wol.
heat of vaporiztions 9.0 kcal/mol

M4i an~d industrial uase
Uw~d to make carbonyl iron, formerly as antkikock agent Iin m~oto fuels (132).

Flammabilit,

Spontaneously flammable; undiluted It lgnAta. as low as 44"C (99)

f ' '
C

POTASSIUM CARDCiL

M, . Vt, a Formulas

402.68 (VKCO)6'I



Uplo~deit (79) ,uyrd(3

[ d. 21WC (104)

Hi"uW toxic (135)

laylodes wida Cold HfOs d. AlCObAd (79)-

PAN dry psazIw CO' f~to a 01oW0as otpa*&NOWXS10= in liquiad am-w'mh at -SOC., bl"r color
agt~atiiy ýmý s wgaew az ad chaap to pinki AIXow aamm~la to eiraPOrste1 y~ipirl X(CO)6 (131).

SODKIM CAM"CWL

Soaid - white powder,

Highly toask (35).

Expaodea wl& air at H20 (143).

Pium putrs dry CO into sa~om at sodammoolum in liquitilei amnionia at about -50*C, blue color be -
ccqneo Miae tA~ed, evairiorate ammonia, leaving N&(COh (131).

NWJ. CAR3N4YL

~7O.7~Ni(CO)4

-ar'c g79) LiquMd - c*Xwleu volatile or
soMi - vapedlem (79)



Hihon nalto:(oa an ste ic) sigt allesgens high on inhalatliou (chronic systemic); Tuolr-
ancelee GH D p (.0 gM (9)

Synthesis
NiSO 4 + Na2 S2 0 4 + (x + 2)NH 3 + H2 -* N1202. (NM Ox + Ns 2SO'f + (NH,',S03 1 NlS'- Nil3) + H 20+
CO --* Ni(CO)4 + (NH4) 2 SO 3 + (x - 2)NH3 (80)2

a. aqua regia, alcohol, other, CGH. HNO 3 1. dilute acid, dilute alka-i1essolvent (73).
Flwma6lit3

In the presence o: air, NI(CO) 4 formts a depouit which becanaus pero~ddedt this tends to decomposeII and ifulte (143).

DWVANADJUM DODICACARNHIYL

Mol. Wt. k Formulu&i

438.02V 2 (CO0) 12

Dark blua solud"~, gives yellow
to orange solution in taint.. (17.5)

Syntheel
Isolated from reaction of ditoluene vanadium and carbon uionoxdde (175).

Uniane conditions, reaction Products:
Volatie, readily sublimes at room temperature and atmospheoric pressare (175).

Solibilityl
a. ethe!r, hydrocasbonsi d. CS2 (175).

Flammabilitys
Spantaneously flammable (1/5).

S4



Mol. wt' I Formulaz

-8.~~c (2) (79)' Liqid- ily (190) 4~ oc~td C (9)

(1) rom ctio of ~ori eton rWc; (2) hc itý a rtai cl ti oxid wih o4*9).dH 19)

Uniquea con d uitioreacio prd

Fune in moliesagi ai'd (190). s



1-6431184 () 91.31. .25C (9
4 16.3 (79)

(1) AUW 3 +W3--o Ba&3 +AWF3  (80

MR!9M conit$tionk. reactionprouct
FExp1odes with IIýO (143).

Soubi1&,

Y. ~ d. cold H 2 0; s. alc~oho, CCI 4 (79)

71mm~ymaic raorlertiew.
Solid Qd

utaiidard heat of formationt -44. 6 kcui/mol -52 .8 kcal/m0ol
standard free energy of fommat.Ion -5 1.-0 kcal/rncA -52.4 kcaj/mol (9
entropy (at 25C)i 77. 49 a. u. 54.7 u

TEThACHLOIWODMMNl

165.47 B7P4

M.P.$Q-2-terfgC5 84.1
7-1C (226) Liquid colockes (226) 6-5. 5-C (226)

.501mbilitL',
* ~. H20(226)

lrtie by pau1~'j brd3 through a dimeh&Wg betwana uneremy elecvaTod5 (23D).

'MLn~od'aic estoiies

heat oC fuwi.o; ý679 4 cal/rnol
hotst cvf vaV,ýwzaticin (at 220*Xý 86701? 70 cus1/mvl'ý(1b5)
entr'Jpy (at I atm~oejpdaee and 22VK)ý 80.27 e.u.)

F~anwmah ~tVi
Uapontuueonai flarrmable (226); May be alum to )ow~stce o( (5QC) 4 e-aji thom&I caiefu1y ptxdf1c4

(230).

* MONiOCWOVWALAN~E

MoII. Wz. t LOWuz44

___ buacerie~caB.P.S
-M-jC (226) Cam - c. orlem P.126) 0-C (22i6)

IA



Solublllt (i

a. ,vianic solventsi d. HO, air (2261.

FLmuam bligt

tipmtaludy flammable (226).

BORON CHLORIE TETPMJAER

15. 12 (31C)4

M.P.a CharacterJttcu V.P_.
d, 759C (115 S%,Ud - yi,,ow crystals (226) 231.5 (226)

SpnntaneouaI) flammable (226).

bISMUTH PENTAFLJORIDE

Mob. Wt. I Fxmulas
304.00 St?5

M. P.% Ciaraateristic.

Sublimes it 550"C (195) SoUd - vrhite crystal (195)

Tox~cityii
Highly toxic and lrrizatinC to mucous =embranesu, Ain, eyes, and respiratoey tract (195).

SyUthggiu
BLF 3 + F2 -4 BIFs (80)

Unique candltioi =ction producto
React; violently with water and petroLatum (195).

Flammabilit
Reacts with H2 0 sometimes with Ignltioa (80).

BROMINE PENTAFLUOIJDE

Mol. Wt. I Formulas
174.90 IrFS

M.P._ I Characteribica V.P._:
-61. 3'C (79) Liquid - colorless (19) 7 pda (at 79*7) (190)

2.570 (79) 40. S'C (79) 6.05 (195)

L" --



High (actite, local) as irritant, on Ingestion and as ilWhatilAmj high (chacuic, local) aslIrrint, oni
ingesixon andon inaianon J(i3J.

Synthedu

U *Ne~ifly explosive reaction with H20; fwnea strongly in air (so).

d. hot and cold H2 0 (79)

Mwltmany~d Iimustxial uses
Oxidizer in liquid vwket proptlients (190).

CALCIJM HYFOCMDO.IT
(Wttb >32% ava~labie chkornzi)

Mol. Wt. t F~~rnazMl
91.53 C&OCI

Dtcoinpomse in H2 0; with heat or sun may dre-ornpAixe, spantuncusly rupuZarin9 conaimr vupwx
evolved may Ignite spontaneously in air (54).

C2-U.RIN. WTRIUCO.E

Mol. Wt. I Formulas
92.45 01F3

M.P.i Chazacterastin dvk-83-i- (79) Gas - colorless. weet odor (79) 3. 14 (79)F-P- IOS-C(ISI
F.P-t Y---osC (150)

11.'p 3rr (79) .438 c~t6Y
1.7713 (79)

_______ ______

Emits highly toxic fumies with " 2 0, -COGI, or acid sitaurs (195)1 quwo~ply atta~ck* horathi (8D);
MAC (Maximtum .ceptable couCarntaiou) .I pyrl (1).

S y n th e s i s; 2 0 2 0 C nF 
WC12+ 3F'2 - 80CN2 (

Unique _Sgaditlonqa. reactionprodluctsrl

reacts violently with H2 0 (62).
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LI

Keep free from exceulve he.t and molsture In st-i1le" vteel tanrk or calichun alloys, position tanks 04
that they cannot be easily Upped over or rolled (.30),

Thenm odynamic eope rtien
heat .f fusion (at freezing pointoe 35. 45 Btu/lb
heat of vaporization (at freezing polnto 128. 3 Btu/ib
heat capacity (at 68'F) (gas)s . 169 Btu/Ib (I)
heat capacity (llq), .0.4 Bte/lb

critical temperaturel 345.2*F
critical preosure: 8 37V 7 p tsa

Military and industrial uses
Used u incendiary material by the military in World War U, used more recently -. a fluorinting

agent and as an oxidizer in rocket engines (62).

Flamn abLityi

Spontaneously flammable gas (195).

CHROMYL CMU.ORVE

Moh. Wt. s Formulas Synonyms
154.90 C !zC2 Chrolum oxychlovide

M.___ ChIaracternistc V. P._ I
-96. SC (79) Liquid -dukr.d (79) 2020 11s)

d18.i, ar,8 B. ]P. s

1.911 (79) 117TC (79)

(1) K2 CO04 + 2NaCI + 2H, SO -P CX 2 C12 + Na SO, + 1!2SO4 +2- "
(2) K2 Cr2O7 + 4NaC2 + 3dS -4 - 2CrO2 C' 2 + 0 + 2Na2S0e + 2 2O (MD)
(3) CrO3 + 2HCI .-4 CrO C12 + +1420

Unique conditions. reaction toductu
Forms a smake with atmaopheric moisture (80).

Solublity$
d. hbt and cold H20' alcoholj a. ether, CH 3COOH (79)

Themodnaic woveate

SAdard heatt o fmation (at 25*C) (UqIs -135.7 kcdl/m=l (79)

Lr-IJT HIU M McM
(With>39% avalable chlorine)

Mol. Wt.. Formulas
58.39 LiOCI
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Decornpopea in H20j with hCat or Sun may "ccoznpc,. Wpntaneously rupturing rontAinpig, the vapors
evolved may Ignite epontaueously In air (54).

Mu. tsQDIUJM HYPOCkU.O.RrTE
SMIUI

M,)I, Wt.$ s pcmulas

74. 45 N&OC"

M.P.. SP.I

d. (195) d. (195)

2NSaCH + C12 + 4H2.,O -4 Ns.CIO.H20 + NaCl (80)

Unique covdiUMons reaction produci.
Decompoees explosively in air due to C0 2 (Wo).

Therm odysnamic Mwovrties,

standard heat of formation; -82.7 kcal/mol (79).

PHOSPHORUS TMCLORJDE

Mol. Wt. I Fornuulaz
137.33 PC,3

.P.. I Charactedslca V.P..
S-112'C (79) Liqufd - colorles• fumiung (79) 10021 (195)

5.4 (79) 75.5749 (79) 4.75 (195)

!-.516 (79)

Toxicity,
Vapors irritating, can cause severe burns (190); threshold limit 5 pptu (195).

synthesin
Paso Stream of chlorine gas over melted phosors, heated red phodp us, or through carbon disul-

fide solution of yellow phosphorus, obtain liquid trichloride by fractional distillation (214).

Solubhiltyn
d. hot and cold H20; s. ether, C6H6, chlacofonn, CS2 , CC14 (79).

Handlina
Keep cool, away from water, steam, acids, and oxidizing mateedals (195).
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neM2% :2:vn 25C!M4.4 kc!lolj79staindard heat -)f formations -73. 22 W.-al/mol

standard entropyl 74. 49 e ýu,

PCI3 is used as a chlorinating avient In the manufacture of synthetic organic Chemicals, specificall1y
to replaces hydroxyl groups by chlorine (2Z14).

Fikammabilityt
Contact with H20 may cause fife (199).

PHOSPHORUS PENTACHLORIDE

Mal.Wt~aFormulas
20.24 PCI5  Phospzono perckhlodde

Phopsooru chloride
d. P.: Chavacteristicus
c. l. rC (79) Solid yellow white V.P.1

tetraona. (79) 15- (195)

Panstemof chlorinedgasovrmledphosphru, heated red phoaewu, at datwsh a CS2 solution

Moitur haardusdecomposets with HZO to yield heat (27).

d. cold H 20; s. CS2 Of CCQ4 (79)

MutoyamcvoeN aas

itaxidard heat of formations -9S. 35 koal/mol '

free energy of f ratila (at 25*C)s -7. 59 kcal/mol ~'(70)
standard entropys 84.3 e.u. )

Catalyst In suanufucture of acatyl cellulose, for replacing hydroxyl-groupe by chlorine, particulauly for
converting acids into acid chlorides (214).

PHOSPHKUUS OXYCHLOUJDE



M. P.m CAmr.actarlstlks
2"C (79) Liquid - colorles, fuining (79)

.r. I B-.P. n1.675 (79) 105.3-C (79) .1
1.402s.1 (79)

UtIqu, conditions. reaction product.
4ydrolyzes violently with H2 0 (217).

d. cold and hot H2 0, alcohol, acids (79)

The rmody-imlc mopertleu

starndard heat of f, xmatiow -141. 5 kcal/mol/w 0free energy of formation (at 25"C) -130.3 kal/mo 1(79)
standard entropyt 77.59 a. u.heat of v-.porlzatlum 

8.06 kcal/g olcrtical temperature 
329"Ctln uConm constantl 21. 3 cal/*]K 132)

surace tendon (at 25"C•s 31. d dynes/cni

""TWI.hWORO PHOSPHANE SULFIDE

W01l. Wt. S Formuhes
120.04 (S)WF3

M.P'-.3 Characterlslca

-148.8'C (226) Gas (226)

d. -52.3"C (226)

Solubilityi

d. H2 0; s. etherl i. organic solvents (226)

Flammabilitys
Spontaneously flammable (226).

SULFURYL CNAMM•E

Mol. Wt. I Formul
134.97 SOC12

M.P.m ________

-S4. IC (79) Liquid - %olorles (79)

1. 7fo 79) I•. D'm•}•
4 *.1c (79) 1.444 (79)
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U,/tteco~dt~n*,reaction p~roducts

With modstur in air yields smoki! decomlpmoe with mosture forming H 2 S04 and HCI (171).

Solubflity,

d. but rzd cold H20? g. C616, CH 3COOH (79)

Therm odynvnic propertle
-- and-zd heat of formation (liqgs -49.2 hcal/mol (79)

MUtmry and lwial umeui
SwonaM producer in Would War 11; also used with certain toxic game to render them visible (171).

TATRABROMOSAN4

Mol. Wt. I FMnulaI

347.72 SiN4

I. P.S Characteriticsa
5.4"C (79) So114 - cubie

Liquid - fuming (79)

d./!p. or.a

(lq) 2.7715j (79) I.P., V.d..

(00i) 3.292-" (79) 154"C 1791 2.32 (19S)

Synthedsi
Sl + 2112 -4 SO4 (o0)

Unique coaftions. reactto Products
eA cb with H-O to yield heat and fumes (195).

d. hot and cold H20, H2SO4 (79)

Thesmodynamic .overtleN
sandard heat oi formation (Uq)s -95.1 kal/mol (71)

SIMJ'ON CHIORIDE

Mci Wt. I Formulu
100,90 SfCl 4

-70C (79) Liquid - colorless fuming (79)

d. /wor., DB.P.$
(iiq) 1. 4320 (71) 57.57-C (79)
(,ci) 1.- 07 (79)
(-as)>.59 (79)
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~~~' ' naja ida~ n Inexion 2 an inhalain(9)

Sl + 2CI2 - SIC14 (132)

d. hot and cold 1-1ý0, alcohol (79)

standard heat of formation, 94 liquidStundard free energy of formation -145.27 kcal/mol0 -1536.9 kicia/mol (9
Standard entr~opy, 

AM. (7. 7.9*u

Miiar n d as a ua iii'no ein
Used~ ;ý asm ýkcsren nwarare and in the' P aratflo~ If Pure Wllcon (132).

TRBRomosLANI

Mot . Wt.Ygina
268.9 

siHk3 
SLi~cabgmndogn

M.g P. ara~cteIjc 
WIft-73 5C 195)Liquid - nioble, .7. (132)

~Ll'i a~.iV. P.
2,7Z1  (195) 11C 19) ~~95

11fam1 bl (195))

Readily hydrolyzes to liberate H&s, & powegful irritant (195).

S' + "" -4. SUi-1r 3 + 12 (80)

d. hot and cold H20, NH-3 (79)

UlMn~abUltyr

Spontaneously flaniniable 12 aIr (195).

135.4S 
SiHC13 lchorc.



I
I

-126. 5C (79) LMquid - colorless (79)
-134;C 1195)

B:.P: IDipole Inomentl

d./sp. •jr.i 33758 (79) .97 (132)

1.34 (79 ? VJ to 0

-. oo(132 , 97cp (at 0"c) (1.2)

25 V.d. I
DI 4.7 (195)

-1.3983 (132)

loxicltiyi
Moderate (acute local) as irritant on Inhalationj moderate (acute systemic) on Ingestion, luhala-

tlon (195)

SI +31-:d --3 StlII 3 + H-2 (80)

Unique condiu/ou. reaction troducto
Violent reaction with water (27).

} ~Inniltion t,., "rati-s
Sflash point <20oF (195)

d. hot ad cold 1H20; s. CS2 , CC14 , chlorofcm, C6 H6 (79)

Spontaneously flammable ia air (195).

BRCMO SILANE

Mol. Wt.s FIoemtlam
111.02 SiH3& B~

M. P.$ Characteristsca

-94-C (79) Ga - colorles. (79)

d.Isp. qr B.P.-

1.72"-0 1-9"C (79)

Ylamm abllk'a

jE-xplold In air (79)

I ,
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SILICON HEXACHLORIDE

MCI. Wt. I Formulas _

268.89 Si2 CI6  Hexachlorodillane

M._P. Characterimicn V. d. j
-. "C (79) Llquid - colorless (79) 9.29 (195)

do/sp, jr, N. P.P- a

1.530 (79) 14s768 (79) 1.4748

Synthesl
Pan vapor of silicon tetrachiorde over white-hot silicon (contained In a porcelain tube), by cooling

the produru rapidly SI 2 CI 6 Is separable by fractional di*atmlaon (131).

Solubility,
d. hot and cold H20, alcohol (79)

Flammabilityt
Spontaneotuly flammable liquid; vapors ignite spontaneously in air (27).

DISILYAMINO DICHLOROBOR2JK

Mol. Wt. s Fommulas
157.93 (SiH3)2NBC12

M.P._ Characterisics V.P.
d. G62C (226) Solid (226) 2:22 (226)

Fliunmabllityt
Spontaneously flammable (226).

ANTIMONY PENTACHOLORIDE

Mol. Wt.1 Formulas
299.02 SbCl 5

M.P.s Charactexstic V.?..

2.8"C (79) Liquid -white (79) 122.7 (95)

Solid - monoclinic (79)
U d. /sp. pr. n14

D.3J (9 .P.s ___

7922 (79) .601(79)

Synthesis
Pan chlorint. into molten SbC!3 (132).

Unique conditions. reactinoa producto
Gives white amoke with atmospheric moisture (167).
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(1d hot ;_n, Cold II20; .. CI, tartaric acid, methyl dichloride •79)

: - • ,N ; ,a n d ~a r d h e -a t ( I f f o r m •a t l lo w ! L-9 1. 9 kcal/mol .-1 al/m

SuC1

1. .

S~~TIN I'ThRACUl.QRD)£

'• " ~~~Mol. Wt. !Fu'ua

2WS0SuCI
4

,-M. P,__s Chararcwristuc~a

-33"C (79) liquid - colorless Lv

solid - cubic (79)

2.28 (79) S. P.__._•.(7

S14 C 179) 7) .
1. s12 (79)

f Forited by direct chlorjna~tioý Of Metallic Ugu (172).

911 co°nditions--r_._EL_.tla ýOductg
Produces ,aOke With moisture LSnCl 4 - 4H 2 0 _• Sn(0-) 4 + 4HCIJ (19).

Solubilityi
s. cold 1t2 0, ether; d. hot l-20 (79)

Thmam odynamic Prol'artjies

standard heat Of formatltum -179. -3 kcavi/ol"standard free energy of furmatiow -161.2 kcal/inol (79,staadard •herory-ayiomn 
-179. 3 79

TITANIUM DIROMIDE

Mol. Wt..I Formulas
207.72 TIBr

TB2
M, P.. Charactuerstis
d. > 500"C (79) SoWid black powder (79)

d./sp.qr.,
4.31t (79)

Sol ubilltyg

s. cold H2 0 with evolution of H2 (79)

6
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i UANIIM. DJ(J!L&RKI

Mul, Wr. I ~D~II ya~
118.81 (/9)1 TICITtzIkW

At. P. Cliautctetriacm
Sublinimi, 142 (79) Solid - Hqhl- bt.PwuIah

deliiwr.cent (73)
3.13 (79)

M~t., ~ (W)~ h . 47 (; Vauos jr.joojgomo

d1  TIC!4 -fTI -. 2TIC12 (80)

d. cold H-I0O m. uicohllai L ther, c~k0aofimn C&2 (13)

I' ~~~Thermodywnamc iMovErtaimraJ1a
gtandasd heat of fozmatlowi -114 kcul/,.ao (79)

19ftsInrol a 8D;hi#like a red-hot Irov in Hi3O~dQ~ swt vlto fH (131).

154.26 (79) TIC 3

-~~ ~ ~ (79)Ck arata

d, 440-C (79) Solid - dark violet

I~2.64(79) 5.P-u
601116 (73)

~.(1) 2T1C14+ M2 -~2T1CI + 21CI

(3) 3ITC14 +Sb -+ 3TIC1 + SbC1 3

(4) Re.duce TIC14 with H-2 in an slectric r



s. cold ,2 0, hot 11203 Y. s. uledioll a. HCII 1. ether (79)

nTh'r.4odyaamic propertien

stancLd-d beat of for~latiol -165 heal/mol (79)

MiLHLar and Iinuaris.I usess
Used &3 reducing agent; in organic opzthauis, as co-catalyst (Of polYolefln Polymerinationj in organo-

mi-taUlic synthesis involving titanium (190).

Ftammnabilftyl
Spontaneously flammable in air (124).

TITANRJM 7TETL4O4LI~DE

Mal. Wt. a Fomunuu Synowaym
189.71 Tir' 4  Titanic chloride

M. P.sI Char&ctOrigiCn V. F. I
-25-C (79) Liquid - light yellow (79) 1021.3 (195)

d s..B. P. s 310.*5
(11qJ 1. 726 136.4-C (79) De

(so!) 2. 06'7 (79) 1.61 (79)

Toxizi~

Hi1gh (&cuts local) as irritant, on inhAti~toj high (chronic local) en inhalatica; can Cause severe burns,
do not wash with H2 0 (severe burns due to formation of HC1) (195).

Synthesist
Ti02 + 2C + 2CI 2 -4 TiCI4 + 2C0 (80)

Unique conditions. reac*tion wroduct
Produces whits fumes in mofit airl liberates heat and HCl an cowwAc wich Moisture (195)1 readily

forms adducts with 1t4 3. p~rieasn Land nom metal chlories (03).

Solubilit"
s. cold H2 0; d. hot H12015s. dilute HCI, alcohol (79)

7Thmg~ynamic rroponstlcs
standard beat olf ommtion 733.2 1 Z. 9 g/mol(-182.4 * .7 kcal/mal) (101)
triple point temperatures 249.04 i -010K (141)

MLItaay and indraftri usess
Chemical warfare symbol Is FM. called by Germans "F~tof1H, produacu suuie in air, in combination

with NH3 vapor gives a denser snoke (19, 20).
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TiTANHUM DIDwOE

Mol. Wt. I Forwmuas
M1. -71 Til2

MP.. C2haracteristic.
600}C (79) Solid - black hygroscop~c (79)

d./Ip. gr.s B. P._ I
4.99(79) 1000-C (79)

Reduce n114 to Til2 by diver ca uerctuy. Arrange two porcelain boats in a porcelain tub* (the autedtc'
one containing Hq and the poterior one TiI4 ), raise the temperature to dull rednes while a currI3nt of
hydrogen is pawsed through the tube. A sublim ate of mercuric iodide Lnd unchanged T1J4 is formed in the ,
cool receiver and Til 2 la formed near the exit of the tube (131). "

Solubilitys
d. cold H2 0, alkaline solveatsi s. conceutzated 4FP, concentrated HCI (79)

T hle rno d], aa m ic_ _ o p -rt ie ss=

crywtaune
standard heat of fomrsations -61 kcal/Imol (79)

Flammabilltys
Ignites in moist air (80).

I
VANAIDYL CHi.OK)E

Mol. Wt, $ Formulau Synonyma
173.30 VOCI 3  Vanadmun oxytrichloride

H M.P a Chanmcterisics

-77 a 2•C (79) Liquid - yellow (79)

17.82 (9i 126.7-c (79)

Synthesist
(1) V205 + 350 C12  + 35 0 ) (o)
(2) V20 3 + 3 -+ 2VOC 3 + 1/202 (o0)

Unique conditions, reaction 1roducto
FOms orange smokte with atmospheric; iolturi; anoke density is Increased by addition o( TIC14 ;

reacts with H2 SO4 to yield VOCI 3. S03 which with mosture yields dimse white mWoke (167 166).

Solubility:
s. d. cold 1120; a. alcohol, ether, acetic ac•i, B2 79,
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cryu.a•linestandard heat of formations -172 kcal/moi (79)

ZIRCONVJM DIBROMDE

Mol. Wt. I Fonnulas Synomwms
251.05 Zz(Br)2  Dibromo zircLe

Characteristics

d. 350"C (226) Solid - •,:ack powder (226)

Dangerous upon decompohitlion, toxic fumes of bromide are emitted (19S).

Uniqou conditions, reaction gxoducto
Vigorous reaction with oxidizing materials (195).

Solubizlityi

d. cold H20 (226)

Thermodynamic vpooertion
crysaliline

standard heat of formations .120 kcal/mol (71)

Flainiabilitvi
Spontaneously flammable (226).
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ALUMMIUM KOHOYDRIDE

Mol.- Wt. I Formulas Synoawmp
71.54 AI(BH 4 )3  Aluminum lti-

r (tatrahydroboesm)

M.P._ •
71.54 Charcteristics VP.1

Liquid - colorles (226) Log P z 7. 801-1565/Ti
1200, 25717 (226)

d._ 8_I 4 B.P._
.5610, .53310, .54420, 44. 5-C (226)
1.53729.4 (226)

Synthesi
(1) (CH 3) 3A1 + Z"216 -. (CH 3)3B + AI(BH4) 3 (70)
(2) 2AU-3 + 382H6 -. 2A1(B4)3 (70)
(3) UAIH4 + D•2-G LUBH 4 + AIM4)3 (70)

Unlane conditlon. reaction pwduwct
Founs addition compounda readily with ,,aines (226).

Solubilityt

d. H2 0 (explodes); s. organic soleat (226).

hei mioivnamic Properties
heat of vaporlzatiof 7160 cdl/mof (226)

heat of combugtloc 13760 cal/g (226)

Flammability
Vapor detonates spontaneouhly and violently an contact with air contain'-g moistIuf (196).

Stnicturcs
Al -3= -2. ISA
3 - H( - 1.28AtT•

S- H - 1.21A

ALUMINUM HYDRItO

Mol. Wt,8 Fwi LV

120.0 (AlH3

M.P.. charactailticu
d. 100"C (226) Solid - gray white (226)

,5



(2)3LH +AI13 t-O4AJH3 +3LiCI (117)

d. H0, alcdiOl, airl I. ether (226)

The= dvaIic pwpeitlen

Meat of fOrmation (at Zft1C)'(gaivs in.* 10 kCal/znoeattOPY (at 293Kts 47.7.a. u.(19
free eNegy Of form~ation (at 298'Kps 20.9 kcal/mal)

SpositAneowly flammable in air or 0i2 (118).

TRISILYL ARsInE

Mo0l. Wt. I Formulae
168.25 AS(SiH3)3 1. ()

M.P~~a Chaacteristica SF.d.2'c (226) Liquid (226) 1.40C (226) :

SPOstaaeUsI0Y flammable (226).

DJIBRCMO BORDE PHRflDh

Mg.-Wt- I Fwmulaa

7C(214. ) fLiqu3 Sid (26 d. it 4inwoC (226)

Spouttameowly flammable (226).

DIBOMOBowE ~o66 i
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Mol. Wt.I Formulb "
26.67 B2HS Bona hydride

Borqjethan
?.L1 Ohmaracterstdica
-165.S'C (226) Gas-oles V.P_....

sidldy mset odor (195) 224-112 (195)

(lWq) .447-112 (195) B.P._ y. d _I
(sal) .577-183 (195) -92.5 (226) .96 (142)

B - H 1 ,871 .0101

B- Hib = 1.334 * .027A

B - B = 1.77 1 .013A (124)
H is the terminal H atom
Hb Is the bridge H atom

Toxicity,
High au irritat; iLs lung irritant and can cause pulmonary edemal ACG-I accepted tolerance levels

I ppm (I mg/m 3) of air (195).

Synthe size
(1) 6"" + B 3 ,CO(C2 HS)2 - B2 H 6 + 6lF4 + 8(C2 H5 )2 0 (00)
(2) 3LMAH4 + 4513. O(C 2 H5 )2 -4 2B2H% + 3XtIB4 + 4(C2 HS 2 0 (80)
(3) ,NaH + 2BC13 + l]C1 3 bounne, S2H + MSMCA4l4 (16)
(4) heat 2gs of a pearl dsaped mixture of boron and sodium metabogate in the molecular raMo

3 1 I with a hydrogen Arearm flowing through the reuction sagainar at the rate of 2 I/rain at
atmospheric pvuwoe and 100"C (2)

(5) HCHO + 2BBr3 CO1 2HS + CO + sie prodtw (21)
Cu

Unique conditions, reaction uroducto
When heated to decompoultion emits dangerous boron oxide fumes, yields hydrogen when in contact

with water or steam (195). Dibarane may be spontaneously flammable due to the prsence of pent&-
borane as a decompoetion product (236). It racts spontaseously with chlorine and forms spontneously
flammable hydrides with aluminum and MMhh=n (143).

gnltion temperature
Autoignition temperatusel 100 - 125*F (142)

Flammability limit. .9 - 98% (142)

al. s. cold H20 (d. to H390 3 and H2 ); s NH4 OH, concentrated H2 S0 4 (80)
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P- , b, = ya &- el dMMii L: keen refriaerated (under k8F) hep well ventilated, containers should

be clean, dry and free af oxygen, store away from halogens and oxidizing agents, protect from sparks,
open tiLmes and other heat sources (142).

j Thesmody&nic itopertlcu

dipole momenu 0 debye (179)
heat of cnmbutims 481.9 kcal/mot (221)
heat capacary (at 21VC)s 13j.10 •';miO (a2i)
heat of vaporizatlon 3.685 eel/mol (179)
heat ad formations -44 k 3 kcal/nioL (179)

critical temperatures 16.7 * .02"C (179)
crifical pesures 581 * 5 psa (179)
embopy (at 25C)s 55.34 call'mol (221)
free energy of formation (at 2S*C)s 19.78 Iea. /mol (221)

Militarn and industria useg
Used in organic synthesis for' hydrating d:uble bands and obtaining cis addition (132)1 used as fue'l in air

breathing engines aznd rockets, as a reducig agent and in the amthds of c. genic bacon compounds (190).

Spontaneously flammable in molt air at rom twaperature (142).

DISDLYAMINO DDORANE

M&l Wt. s Formula CharacterlstlcsI

102.982 B(HsN(SiH3)2 Liquid - taw (226).

MP,8 ~It. P..n I.,
-U8.8"¢ (226) $4"C (226) 7.974-16W/T; 1620 (226)

s. organic solvent; d. 1120 (226)

"Trenndynamic wopnutlem
heat of vaporization (at 54C)s 7640 cal/mol (226)

Flammeblitys
Spontaneously flammable (226).

Mol. Wt. a Formula S"nouvnwa
53.36 34HI0 dihydrotetrbaane

borobttano
M. P.$ ClAr&C~r!t&cM teotaboroa decalsydride
-loC (226) Gas - colorless (226) boron hydride

d.lEL. a.E B.P.. a VP..
.s6-3S (226) l6ic (226) s506, W88O (79)
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Toxicit• sHigh (acute local) on Inhalation (195)i high (acute ryftmic) on Inhalation (195).

Synthaxla
Prccipl.dad frm reaction of magnesium borida with HCl or phosphwdic acid (132).

I Uniqu. conditions, reaction PwduKctS,•"c--•!- i 1-ýc. ne-l - hy~ftnen on w-e•4•3 th IE S 'oms tat- .... i.te ham N•!3 (132).)

i d. H20 (226)o alcohol (79)

Thermodynamic Fropertien
heat of vaporizatios, 6.47 kcal/moi (226)

Flammabi!Lt2!
Spontaneously flammable in aif (226).

Structures 1W6 
!

Hitl

i ~0 0 11

Bs-3' =1.7121

Bin-' = 2.800k
B-H=1 1 1.I-o (174).1II '51 . Hb 164 t
Blt - Hb = 1.3•7A

(Stable)

Mol. Wt. I Formulas a.
63. 13 351.9 Pantabow, enneahydride

M. P.$ Characteuislccs.I.t
- 82. 82C (79) Gas - colodeu, bad odor IVlpqs)

Liquid - colrlew, bad odor d

.669 (9) 242.2 (135)

_ . (49) _ .,
1.4445 -58. 4!C (79)

Maximum tolerance .00S ppm (.01 mg/m 3 ) (19S); an hour after a Ij msut. ,xpowM to peata-

borane during a disposal operaton the men experienced peyvohcmor functlon dilficultius, mommy

__________________
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-blocking, lack of coordlnation, feelings of detachment ("classic" s.wtnm, of bce.-'• ic". z)"i-. .-- , y
ims followed fo'- four days (9).

Synthesias

S xes" (140)

480f

Unique conditiosm. reaction products
Hydrolyzeb slowly in H2 0 at room temperature, will react with any organic compound containing a re-

ducible functlonal goup, .,•.z with hy...,ogen and other ami-e% roact with CIF 3 to yield hypergol/c
Ignition and intense fireballs (152); large explosion with hydazitm (189).

d. cold 1120, a; without reaction in hydrocarbon -solvents (e. g., keroene, hexane, benzene, toluene),
s. in oxygenw.ted or halogenated solvents - but forms shock snstive mixture (152).

lr4ation tern 2eraturre
Spontaneously ignites at 65. S*C (67)

Lean limit of spontaneous ignition 1496 (vol) at I atmosphere and 55% at . 1 atmosphere (188)
Rich limit of spontaneous lgnitlonsnot deteminned but 75% ignites at 5 cm mercu'y (1S5)

Can be taced for at leUA 3 years An a clean mooig free vessel under an inest atmosphere (140).

Iheniodynamic wonertlen
heat o combustim 1003 kcel/mol (221)

heat of fosmation (at 25C) (gaso) 1: .(Y]•8kal/mol (221)
heat of formation (l1q)s 7.72 kcal/mol (221)
bee energy of foimiatlo. (at 2S'C) (gai) 39.32 kcal/mol (221)

aee energy of formation (lio) 38.56 kcel/mol (221)
entopy (at 25-C) (ga)i 65.95 cal/*mal (221)
onbopy (lf) 44.03 oel/'inol (221)

heat capacity (at 2S*C) (ga)S 23.52 cal/*mol (221)

heat capacity (liq)s 36. 12 cal/mol (221)
dipole moment (at 40.2'7F)s 4.54 debye (105)
heat of vaposlnetion (at -72.41)e 13,88W0 ku/lb mcl (105)

Miltary md industri imeg
Liqui rocke fuel (140).

Splmteseoady flammable (195); py'ojpboric tendencies may be due to codamniatif by diboesae (28)

high h.smiddy decrseas likeUhood al 5SH9 air reaction (49).

8 - H- 1.20 - LUaX (49),



* I

MIITABCRANZS(UnitAble)

SMol. Wt. I Formulas sy yma
65.2 BSHI1  Dihydropentabosia

M.FP.. s Characticas V1_
-l2rC (132) Liquid - colorless turns 52.80P 7.2-33.4 (226)

yelo castanding (195) i
Sa~~. P ..... 1

| 6ac (t9s)

l ~Tolerancei .0G5 plan (.01 mg/m3 air) (195)

Uniquzdiong rvacticu productas
On standing for v long period of time or beting, It produces dibmase, tetrabmame, hydrogen, panta-

borane, decaborne "d brown nonvolatile liquids and solidsi hydrolyzes in water to bot.ic acid and
Shydrgen, reacts with ammonia to form tetraalmmosdate (132).

Solubilityt Id. alcohol, air (226)

Thermodynamic proverUeu
heat of vaporizations 7.61 kc&L/mol (226).

Flammabilitys

Spontaneously flammable (226).

Structures oIil 1

B1- i I w I. 72A

BI- ill - .17A01,l~ BII - Bill -= 1-76A

II -- li1. 77A
Ave B - Hi 1. LO (174)

U4' AveD3- H6 a1.22A
nt -gi - -. ' oA

31lI - HlVI- 72lA.
Asi le- 311 B11- 31l isl'

Mol, Wt. I Formulas ,Sn 3E
7S.00 .oHl0 Dora. hyddde

Maxabows decabydef~ds

M.P.$ ChuActeriticis
S-65C (226) Liquid - colorless (226)

d. /sp. ar. .P.$ sL
.69 (220) 110C (226) 2.6 (193)
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Solubillty,
d. H20. alcohol (226)1

Flammability,
SpontAneolmly flammnable (226).

Structume

B1 - B11 1. 795 A.0101

B ~ , ~ B1 -Bill a 1.753.k -009A
k B,1 El 1. 7940 .0014

B- B-I 1.2596 .06 (14

~~B 1, Bill= 1.737 .014k
BI I -s11 =1. 794j:.009A

Ifil BII - Hlv = 1. 31 A *04A
S.5, B~~il-Hill 1.418k .04k

IV IV 1. 14 k 06k

HIlV - H, 1. 32 *.06A

DiDMRCl3XABOp.AME

Mol. Wt. I Formula

d. alcohol a. organic wo~veai (226)

FlammabIlityi
Spoutaneously flammable (226).

DECABORANE

Mal. Wt.: Fomuaulaa ___

1.22.22 B1 1 oo yrd

MP.F. Chactegistimu
99. C (226) Solid - white, czyia (226)

.9425 (226) 213-C (226) 19100 (226)
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Toxicity•_
-igh as irritant, and on Inhalation tolerance .05 pplm (.3 mg/_n3 ) air (195).

Solubil
I. v. cold H2 0; d. hot H2 0! s. alcohol, ether, benrzene (79)

The1M odyzanilc opertiesir
standard heat of formation S kcal/ nol (79)
heat of combustions 1950 kcal/mol (79)

gas liquid
free energy of formations 71 kcal/mol 65 k"al/mol "
",andardentropys 15.09 e.u. 42.20 e.u. (79)
heat capacltyi 40.0 csl/'moI 52.09 cal/oJol

FL~mmabilit•

Spontaneously flammable in air ot 02 (143).

Structures

- it Each B atom Is two center banded to a hydrogen atom
H (not shown in diagram) (174)

BARIUM HDIJRME

Mol. Wt. I Formulu
139.38 5aH2

M, P.. Oiaracterislca

d. 675"C (79) Solid - gray cry"al lumslp (79)

•. ~~d,/3p, qr. t B. P .._.

4.21 (226) 1400C (79)

Unique conditions, reaction Ltdw
Vigorous reaction with H20 (91)

Solubility,
d. cold H20 to B&(CH) 2 , d. acid (79)

Thenmodynamic Properles

heat of formations 40.96 kcal/mol (226)
free energy of formationt -31.6 kcad/mol (32)

entropy (at 20BVC)s 16 cal/'mol (32)

Military and indumtrial use,
Used as a reducing agznt and as cowdnsation and reducing agent for organic reactioni (91).
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If finel powderod spontaneously ignites in oast air, poudble alm to spontaneously ignite in dry
au (9 1).

B9ERYLIJM SORCIHYDRDE

Mci. Wt. SFcrmua$ y
38.72 DeonIs42 Beryllium b•s(tatrahydroboron)

M V.P.,
d.123'C (226) ,SP (226)

Unique cnUditLo.. reaction toductx
Vigorous reacUon with watax and olUhew reducing a•euf (226); reacts wih w;ser to yield heat and

hydrogen (19S); explodlve reacuon with H2 0 or 02 (220).
61

a. oroac molvenf, inelud nomn-polar olvntaU uac u beanne (226).

beat of subliniiillow 14, 820 cal/g mo0!

heat of vapodiato• 14, 110 c41amol3
heat of fomations 98 kcal/mol (103)
heat of embulica 16.7 kcaljmlcj

Spr'ttaeougly flammable In sdt (226),

Be B.-5 1. 7411 Be_-H' 14.3A
a '1. 28.k (174)" N '%H ZB -H -H 1.22 1

I
BIRYWUNM HYDRME

Mal. Wt. I Formulas
11.03• e

M.P._! ahancte*ica
Mo. 125"C (226) SaId - white (22a (

(1) Ne(CH3)2 + UH4U + .LIHCH3 )2 (e*&. of compoido not removuble) (134)

(2) ]k(C4 H19)2  + 2C 4  (3 4

Unique condidove6 rdactiou 2roducM
Resats with wasewElute acid, CA3 CH to yield H2 (195).
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Solubility
I. ether, toluene, lIopentane (226)

CALCIUM HID)DE

M.P.& omua
> lO00*C (226) Call2
816"C In hydrogen (195)

SSo/d - while cryetal (226) d. IOOOC (153)
1.9 (226) d. IOC (15)

Synthesi.
Heat parent metal in hydrogen atmoejphre at 200"-30VC (13)g reduce lime in pre-s e of hydrogen

with magnesium (132).

Solub~litya
d. with H2 0, lower alcohols, and carboxylic acids to fom H2 (132)

Thenmodynamic Provertieu
heat of formatons 44.6 d kal/mol (226)

Military and frquudrial asee

To generate H2 (1g CaH 2 In H2 0 -- ) 1 H2 at STP), peparatim ol rare metals by reductlim cc
their oxides, as a drying Agent for liquids anmd gant (132).

Flammabilitys
Calcium hydride "lon likely" to ignite er than NaK UAH4 or N&AIH49 may have dus *Yplo-

slam if finely dispersed in 6Ir (133).

CEPJM (IM ALUMDNOMDRDE

Mol. Wt. U Formulas
233.07 Ce(AIH4)"

M.P.s
d. -80C (13)

Synthesis ~
From the solid complex with UBz; treat the complex with LLAIH4 noa freedng point of the ether, a

precipitate of ti t aluminchydrlde is yielded (13).

Flammabiltys
Spontaneouuly flammable (13).

CERZJM HYDRIDE I
Mol. Wt. $ Formulai Synoavmua
143.14 Cel 3  Trdhydrocerize, carom h yd drdd

75 ] .

NNW



I ~ 2

d. 10S0C (226) Sdid - black powder (226) .s43OD-500 (226)

d. /xp. gr. s

S. S (226)

d. air, H20 (228)

heat of fomaUont 42.26 heal/mol (226)

nlsmm.bii~tys

Spontaneously flammable (226).

CCBALT TRIPHOS1IH0 E

M01. Wt.i FPmula*
157.85 COmf)h

Spontaneously flammable (240).

CESKIM HYDIUDE

Mot. Wt.-
133.92 CeR

Chaucterisico
deccnposes (79) Solid .. white, cubic

crystalline (73)

2.7 (195)
3.41 (7n)

Ca + 1/2H2 -- C (OD)

Solubilitvr
d. hot and cold 142 0aIcohol; i. organic solvent (79)

Thermodynamic Pxguw

heat of fotrastiou 29.0 k:al/mal -10. 1 kcal/mot
free energy of formatiom 24.3 h.al/mcI -7. 3 heal/raol tat 97C) (31)

ent.opw 51.25 . 1/'mol 20.3 calfmol (at 102 man)

Flarnmabilht

Ignites in oxygen at vocen temperature (80).
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lreCWiPa AU1MNHWR41DW Z

NMol. Wt.s Formulas
94.52 CuAH.M4

•. ~M.P.__t
M.Pd. -70-C (13)

Form a solid complex with Li.U then treat with L1AIH 4 nitu the freezing poit of ether ad a reeiW

of alminaohydride is yielded (IS). j
1S~~Fla..mm ability,

Spontaneously flammable (13).

COPPEUHYDMDE

Mol. Wt.- Formulas
64.55 CuM

M. P.; Characteristics

d. slowly 55"-G0C (103) Red - brown (103)

d./sp. qr.s
6.38 (103)

Solubility&
i. cold H20; d. hot H2 0, HCI (103)

Thermodynamic properties
standard heat of formatiovi 71 kcal/mol
standazrd free energy of formations 64 kcal/mo (79)

stazndard entroiW 46.89 cal/'mol j
Flammabilitye

Spontaneously flammable in afr when dry (234).

CALLIM HYDRIDE

V'.o1. Wt.s Formulas Syowr
45.49 G9216 Dig&llaaa

M.P..__ C.acterstici V.P..
-2.1.4"C (226) Liquid - colorles (226) 2.sO, 70013o (226)

B.P.s

139C (extrapolated) (226)

7
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N ~Svodmdi..
3GB5C 3)3GAIHi4 3 ) + 4(C 2 H5)-ý 4 GU 333k ZIfl 5 3 +4l ( .3)

Pmabably spomtomnpouy flammable (W3).

GIRMANIM~ HYDRAV8

76.82 GeH4  Gammaa

3hmli .P.i
-IGVC (73) G"a - colodemu (73) 418. S'C, d. 3WDC (79)

1.2-4 (79))

i. Wa sad cold %Z a . liquid NH3, NaCMl (73)

eba~pys -22.2 & .Shal5 o (78)
heat. comiatWici 21-S.653cAZ/mal (78)

Decompoeu in air often bmUnga Into flAmos (80).

MdI. Wt. I ?omal GRANs YD svnaoinvm
151.25 aiG Dieamin

.IOVC (79) lUqui (79) 29'C (73)

GeMg 2 + HCl("moumas) -b H .9 +.... (so).

d. cold 14205 s. liqtid NH3 (73)



iI

r "iheftmlydanmic properuem

heat of fonnatiom 38. 7 1 3 hcal/mol (78)

Flammability,

Decomiposes in air often buring into flames (S0).)

GERqMANUJM HYDRJDE

Mal. Wt. I Formulas

225.83 Ce3H Tziefmaaa

M. .1 .____cterisr-A B. P,_=
-IOS.6-C (79) Lquid - caurlesu (79) 110.5C (d. 195'C) (791)

2.2Zo (79)

Svntheasl
(1) GaM92 + HCO(aqueous) -- G3 Hg + ... (OD)

Solublityes
I. hot and cold H2 o; s'. C 4 (79)

Flammability,
Decomposes In air often bunting into flames (80).

SODIUM HYDKD

Mal. Wt. a Forulas d./m at.,,
24.00 NaH 1.36 (226)

M .P.$s 9 cMjcU aD= I
d. O'ý-. (79) Solid - gray white

cryta der (z22) 1.470 (79)

Tas~itay podrI26

MIgh (195)
Synthes- m

Pass hydrogen into molten sodium dispersed in oil or mixed with a catalyst suwh as aUbaacene (above
250-C) (132).

Unique Co9dtio% ,eactim produc
Nl-H more reactive with H2 0 than Na is (22 6 )j violent maction with lower alcohols (132).

Sciubility'
a. molten NaC-j 1. liquid NH 3 (132)
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standurd heat of ixvintlcs 29.33 kcal/uol .13.6 OD1.* .Zohe/aol (at IOOC)
shmadfso xapy f oratou 2.78kcl/ol -90 cal/naol (at W0C)(1

Gnu"" 44.93 .ca1Pmo1 7. 1 Cal/*Iol (at 102*C)

Paeuulzemsoateut (132).

finely powdentd, spoeneaoady flammable In zmol air (226).

SChJM nHOWHAMIDE

944

hy~lroeu is evolved (quiaWtiy at 1-20O generated couespoods to tde fosnatiou of NaP142). A liquid Is
fonned which does am mix wilh the ammonia although it I. not quite infOluble It It~, the liquid solidifles
when slowly cooled (131).

Spontaneously &lmma12le (200).

MM.ic Wt.~w :I E(71l

M.P.2 MQaractemaglis EL
S9CC(1 olid - volatle (71) 1 ISC (extrapolated) (71)4

Uniltie couditions reciutoduclu
Simiar o af-1-bovabyddde, most volatile of known euhafium copud

Like obe bouc da'sdes of Al, Be. ZN, hafnium bctdiydslde 1in-lmes violently when exposed to abr (71).

POTASSNIM HYDRVEl

40. 11 KH

Decoposes (A9 Solid - white needles (79) .5

1.47 (79)

______________ ____________________________________________________ode"___



1!t` ZKd-vsis Lsv .pneeti we thog elcroe) (63)f

Unique condigaw meaction rvoducta4
Reacts with oen o water, OR aciS to produce H1, vigoemiy eawts Ws idlulug materiall (13S).

Solubilty%
d. hot mad cold H21O I. CS2 , etths, bhrnu. (79).

Therm odynamic pro~eres

heat of formatios 30.0 kcallmol .I1S 1 . 16 kcal/m3l

free energy of formatiom 2&, 1 kcnimal C1Tm5") -. 9 kcal/mol (11)

entopyl 47.3 cal/tmol (102 r 0m) o.2 acawismt

Igulteo at lower temperature tgua N&H (39), spontaeoiuly flammable (50).

LXITHI2UM AILMIUMM DELJ3TEMO

1.O29 /CM3 (195) LUIUD 4

,P._ _
d. 124C (195)

Unique €onditi. reacton waducta

React aluminum chlciide with ithiumn deo*eAulde (180).

Flammabilitvs
Spontaneously flammable in air (195).

LMG1 ALUMAID4 HYDOIDE

MCI. Wt.I Formulas
37.9S iAH 4

M.P.$,.• Owmteriti4c8

d. 125*C (79) Solid - white crytalline
powder (79)

.917(79)

Highly caustc on Inhalation, ieloa s k on dda contact (142).

(2) 4LLH + AIC13 -- LtLAH4 + 31ACI (I0)
(2) 41.114+ AlC13 -# LLA 4 + 3UCI (30)



Wm mooer ad asib yiWd hy*qea &ad beat emougla to aiim IP*Uem (142).

Sip in ajr a&~ metal""alsor, glass bcale i polystiylam bqa ia MeWa Gc f Seal or OIh
darning m~m P 601 PkYmue deMap *.a In cool dry ans. (V'Z).

UO'd Aassed -"4.a heal/d
Meat "ai maoi (at af C) -1U. 87 hImalmog (6B)

Pon"pj a"*$n apet for "u&ai compmads (06).

Sp~medy Ammhile fm 10 (aI).

urn"IJ AWISIMJ T3m-TWT-=JOXYHYD3.

. 4 (1~0) Soli - white powder (130)

flamasbilt"
UU~e~e. wft ItO to evolve H~ muoAlly does mot Ignite" (130).

WHIhJM BOe.C4VDRDE

Mdl. W9.8 a.

d.27-C (79) Salld - dmmzbic crystaln,
white CUIo lm ozs.i (73)

d.im6( 9)



SW

Synthesis
(I 4iLi +BF3. CZH5) • -- , :11C H). •On)

(2) 211 + 92H16 --• 2L (H4  0)

SolubilityW

v. ml v. .culd t'20 (79)

Thermodynamic propertien

heaL of combustlo 136.000 cal/g rma (107)
enthalpy (at 25C)O -74. 51 kcal/mol (45)
heat of formation (at 25C)s -72.14 kcal/r- ' (45)
heat of formation (at 298. 16"C) -44. 15 keal/mol (45)

Military and indutrial uses
Source of hydrogen and of other borchyddes, reducing agent for aldehydes, kmtmu and e*toe (190).

Flamm abjiltyi

May ignite on c.,.ýAact with H20 o In mai* air (69).

LrIHPJM HYDROX

Mol. Wt. I Formulas
7.9L LiH

M.P.__1 Characteristlcs
680-C (79) Solid - white cyrn•- (79)

sI,/sp. qr. I
.82 (79) d. hSOC (133)

Toxicityt
Tolerance level - .025 mg/m 3 (195).

Umtheulu
Li + 1/2H2 700 1 L-i (133)

Unique conuditons, reaction pro-dtcta

Reacts with alcohol', caboxylic acids, chlorine and ammonia at 400C to iberate hydrogen (132).

Solubilitys
d. cold H20g v. il, s. acid (79) •,

Irnzaese in mineral oil or paraffin wax (IO0).

Thermodynamic oropertiem

high frequency dielectric coanta 3.01 (159).
lattie constnu 4.0835A (159)

lattice energy (Bona-Habe , cycle)s 218.8 kcal/mol (1593 -
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.11

I

autyvy I, 51vr% Qo ;. 77 clui'mol 5 cal/'mol
free *"NerY of fonmatiou (at 2STQs 25.2 kcad/mol -16. 72 kcal/mol (30)

bat of formaton (at 250C) 30.7 kc-l/mol -21f34f 1 15 kc3/Iol

MgfteM_ •nd IndusLUIs too.

Used am a dedoca4 source of HZ, condensing agent with kuetones and acid esters (132).

Ylsmmabllity;
Ca igafte spontau"omly Wn moist air (195},

MAGNC Mfl HYDRID2

Mol. Wt. I Fornul_ _
26.33 MgH2

M.P.. CharactcriAtcu
d. 2W0"C (79) Solid - white tatragonal

crystal or mase (79)

14.49 (79)

Mg +H2- 2  4 oH2 (OD)

Uniqu conditiom. ractf_ product
Vlolsa reaction with H20 1MqH2 + 2120 M9(Q")2 + H2) (132).

So4lubttyg

Violen d. culd H20; I. ether (79).

Them !-,•namic praoverUe
heat of f watUio (at 298C)i -21.71 A. 6S kcal/mal | 1•).

FIA _ambilityv
Igultas spontaously with air to yield MgO + H2 0( also Ignites with tap water but not in disUled

MANGAN•SZ• (1U) AWjJMDOHIDftD-

Mol. Wt.I Fmula
* 11E.30 MM(A1114)2

M.P.s
d. -C'C (13)

Foun solid complex with LI&U, heat complex with L H4 near freezing point of ethe, yields a precipi-
tat* of a-uml•aydude (13).
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Flammability:
1 Spontaneously flammable (13)

.* 
R IS nIC r,.AM W E[

- M o l. W t , I F c m u la. s
107.34 (SI1HA Nitrilo - Tri - Wilwsw

Triallyantie
M .P.8 hai racteristicst N itrwd i htu e

, -105. 6C (226) 14quid - colotleat (226)

.8 9 5 -10 6 (2 2 6 ) 5 2 "C t2 2 5 )

u nique conditions. reacti•o _.mucta

Reacts with H2 0 or steam to produce flammable vapors (94).

Ziohabilityi
x. organic solvent (226)

Flamnmabilitys

Spontaneously flammable (226).

SODIUM ALUMINUM HYDRIDE

Mol. Wt.I Fomnula:
54.00 NaAIH 4

M . .I___ d./ mp. Qir.-
d. 183 "C (190) 1.24 g/cc (190)
d. 230"C (133)

Z Synthesis:
React AICI with NaH (190)

;i I Thnmodvuamic properties:
heat of formation (at 25*C)t 13.5 kcal/mol (190)
free energy of formation (at 2SC)i 3.0 kcal/mol (190)

Military and industrial uses&

Used to reduce carbonyl and carboxyl groups to hydroxyl grouis, to reduce amides to am izel ad to

reduce crganic halides to hydrocarbons (133).

F l a r ema b l itypI ~ Fire and possible explosion i1 water, as liquid or vapor conics in contact with (133).
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Met. WC. cI Formuass
6S.98 PH2 of p2H4

____1 Oiarcterlstku

d. Isp r.a ___P.

(1) Ca3P2 .i6H 20-+ CLg H2PH.H 11
(2) Acetyl chloride reacts with 4HPO -4HP + H3P403P 3 4112 + 21 4 (131)

Solubilfty
1. hot and cold 11201 5. alcgbol, tu"petAn (79)

Thcnnodynarnic Propertleg
he-toivaporimflons 6.Sgkcial (231)

troutmns cootaft; 21 (2301)

Flsanhm.Wbtys
Spciotanimously flammable in aiv (143).

Mol. Wt-s Formulas §MOM
34-00 PH3  Hydrogenphosphi1de

M. P. c~aacteraicuPhoqfisrtfted hydrogen
____S ______rstcs Phosphorus itihydride

3.33.5C (226) Gas -colorles (226)

1. 3171 (226) -57. V'C (226)

1.Sa (226)

Toxicitys
Moderate; high on inhalati4n, moderate us ifitantg tolarance .05 ppm .07 Lmg/M 3 air); Central

nervous sstem depressant; initatei lungs, dilates heart, can cause hypersamla of visceral organs (195).

Synthesis
(1) 4P + SK + M2 -- PH3 + 3MG1 2P (60); (2) Ca?2 + 6120 --* 2PH3 + 3C&a(OH) 2 (80);
(3) PNI + XCH -l PH3 +KL-s+H20 (30)

WUit highly toxic phoqspcr us fnos 1isen Leaftd to decomnpotcduc (195); reacts with concentrated
!ý03 with violent disc~vpositio and flaxuass spontaneous Ignition in proseace of ailrous acid (143).*

AtIgnition tenipertretue 065 9)

Aiainl tio n t empera tures I0-r (9)

__ __7.
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d. a. H20; v. alcohol, ether (226)

Therm ody-amic ;roperthe,
heat of fogmatlow 2.3 kcal/mol (226)

entropy (at 25"C) 50.23 ce1%/*mol (226)
enthalpy: -1 6 1 . 4 (78)

Flammability
Spontaneously flammable (226)

TRISnLyL PHOSPH]RE

Mol. Wt. F_•nu.a.
124.32 P(S1H3 )3

Charateristc•.t. V.P....

Liquid - colorlesa (226) 83 mm (at WC) (226)

S~Solubiltity
d. H20; s. organic solvent (226).

' Sjluotaneowsly flammrable (226).

II PUTONIUM HYDRUEI

M01. Wt. I Formuli
244.02 PUlL 2

d./ap. Qr-s MAMCteuiptlea
10.4(103) Solid - cubic (103)

Thermodynamic ropertle I
heat of formaton (at 70*C)i -37.0 kcal/zlol (23)

Flamm abilit'Wn
Spontaneously flammable (137).

IUJIDRUM HYDI.VI

M01. Wt.-$ Foe.. ula
26.48 RbHi

M.P.__ Ch•afteteristUew
d. 300"C (79) Solid - colforles Mastots (79)

2.60(')
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Umlu"- cndit .j. rnactlon Droducti
Vlolant raction with H2 0 (N)

i. organic solwvts (89)1 d. cold and hot H2 O, acid (79)

Travoaodynmimlc ZoMrtinp

SUM_ cryelli~ne

east of formationn 33.0 kc-l/mol -11. 3 kc•./moi (at 102'C) (31)

Military and indttrial uMn
Used u light masdtive element for photocells (89).

Flammabity
Ignitoo oa contact with air due to exothermic reaction of hydride with moiature (89).

SIL!CON HYDRADES

MCI. Wt.t a Fmulat SynoiyfL,
(30. 10 )x (SIN2 )x Polyaanes

High (acwte local) as lnirta,, on ingailon and an inhalation (195).

CaS. + 214l -4 (Sil2)x + CadC2 (W0),

Unique conditions, reaction products

Zwou wit alkali hydroxides to yield hydrogen (80).

FlaamabilUtvs
Spntaneously flammable in air leaving SiO2 emside (80).

SILANI

MCI. Wt. I Formulas Symnymnm
32.12 SWH4 Silicon tetrahyd,-Ide

Silicon hydride

M.P.$..• Jl-,
-18SC (Z26) Chsarcteristiics

Gas - colorless (226)

(la) . -185 (226) -111.80C (226)
(gas) 1.44 (195)



Hi h l-,t OCaLI) as irr uta t, om hgte4O i oc o n m ha " ,UUm W~

(1) SM9 + 4H 14  liqUid 14H3 13+2M + 4MA3 (132*'

(2) UAlH4 + SiCl4 et- 713-3 ~ 213104 4 UC1 4 AM 3 (132)

(3) SIMg2 + 411CI --- , Sil 4 + ZM90 2 (132)

Solubliltyll uole 26

d. iraI~a~lne lvetj .;M.wc, .o22n6) (26

hCAt o9f OnnatlOu 11.9 kca.Io& 26

spostanIouhl flsmmable (226)

sU.YL PHOWI4DIE

mol. Wt.- -nla ia

64.1 *ASflI FaS.Phi.S. ln

<-l185'C (99) Liquid (79) 12-70C (.Ixapo1.sfd) (53)

si4F11 2 H 353SpH2 (157)

Woubillt" 50
d. aAluaie olavcnt (79)

TbrIa.Uy gable to 4W0C but 1ignSitesi tzacue 02 Sf Pf"U (157)

l.ol. wt.~ -FaI

76. 18 H3SiSUIO

SponateiQUlYfaymmable In Mtr (143).
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DiRANE
MI.W.IFr YCYI

62.2 S' I ilceh

______oniton__aco FC"O.amusSnnm
Exp.23 e with 6 3S;lestlVolntyW C14adhhlroom 13)

a13.5 (226)c solent dc.uu (226)s ovet(2

Themitodnmic propertten
enthalpyt -18. 3:k .3 keal/smet (78)
heat of fosmations $7.4 1 0. 3 hcal/mol (78): -35.8 keel/mo! (SP)
heat of combusIan -575. 3 Iscal/mol (at 293*1) (00)
enthalpy of fosmatious -36.2 hcal/mol (at 293rK) 60)j

FlammabhWt~
Spontaneously flammable (226).

TRISLANS

Idol. Wt. I Formulas yonm

92.33 Si3l 8  'rrlilicon octahydride
Trisi.a. propane

M.NP.$ Characterislce; Sillos hydride
-117. 4C (226) Liquid - colorlass (226)

V. P., I
LLEJ!' .P.2 95.50 (195)

'I.7430 (226) 53C (226)
.72125 (226)

s. aeganic solvent; d. H20,i CC14 (226)

Thermodynaminc LMrovtiess
endialpy of foresatiom; -54.4 keal/mol (OD)
heat of foinzations -54. 1 koal/ol (59)
beat ad combuston (at 293'K). -835. 1 &7 )eial/mol (60)

Flaw-mabilliw
Spomtaneoualy flammable (226).
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Mol. Wt.$ Formulas $ynaS"
222.56 HS10H flexaoxoycloalme

M.P.1 Characteritics
d. 14o'C (79) SoLld - white plateleU (79)

L. 32z' (79)

al7. d. cold 120; slgt d. hot H2 (79)1 d. air (79)

Flammabliitvu

Spontaneously flammable (50)

S7 VIITWM HYDRDE

Moe. Wt. s Fomutat
89.64 SdH2

M.P.. Cha t40t
d. 675'C (79) Sola - w de ctaliaa (226)

d./sp. S•'. L. P...S

3.72 (226) SubUlmes l0oC (in HZ) (79)

synthesissr + N --, SdN (8D)

Unique conitions, reaction moducts,
Vigorous reaction with H2 0 (226)

SolubUlItM
d. hot and cold 20, alcohol (79)

Themn odynamic Propertiem
heat of formations 42.2 kcal/mol (226)
free energy of fomation (at PVC)s -33. 1 kcal/mol (32)
entropy (at 20VC)I 13 cal/'mol (32)

II
THORIUM HrDILIDI

Mol. Wt.a Fomulu a
235.07 ThH 3

Solid - black powder (226) 1
911



SpontAneously flammable in air (M2).

THORRIM HYDRIDE

Wil. Wt- I Formula
943.00 11 4H15

EWEM~bi
Spontaneously flammable in air (51).

URLANRM BOROCiYD;RDE

Mel. Wt.m1 Formulas
2U2.53 U(3Hi4)3

Cha~racteulsticis
Solid - brown
non volatile (197)

ToxicityI
Treat UIP4 with A1(BHH) at loom tam`Pezatube`ý The dark green volatile crystals ofU(MH1 )4 decom-

pose very slowly at room temperature,. at lOOC, however, given

U(OW.4 3(pyroyhodic) + Hý + I2i'6 L2u(3H4)4 -IW 2U(SH 4)3 + RAI4 + 112] (197)

Flassunabiltyi
Spontaneously flarrunable, and likely to detonate In air 1197).

241.05__ IDW

U.Ig ( or-$ Cpine)lii

cubic (79

Pmsrul redwucing qent; mioosractionm it HEO(U3 *44 20 210 -H2 S)

Spontaneously flammable (311).
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2 150.Wt0 Zz(3H4)4
M.P.a Charactarud*lc
28. 7-C (71) Volatile (71)

123C (71)

Fhrnmabilltys
Spautansoudy Btamniable in air (71).

I ~AUJMWWU AMDINCSMCHIIDIAS

Characteristics
Li.quid - oily (72)

Synthegis
Alumzinumn baodaydrid. reacto with (CI 3)2N3It -+ (CH3)ND2 H5 and ainImbombyideds of

aluminum (30).

Unigue coinditlons reaction wodu?.
Violently attacked by air at moi~un (3D)l reacts with diboasan to yield (CH3)2N3 2 + AI(*H4)3 (30).

Flamnmabllltyi
"Oi0ly liquid aluminum barobydrides ase opostanoously Inflammnable." (77)
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(h) NTIRMDS

IRIIIDO URDU

Mai. Wt.$ Formulas
136.82 B(S03)

Unigue aondititon reacti woducto
Kxilodes above -4"C or when added to H2 0 (IS6).

RARIJM AZIDE

Formulas
BAN6 '

U~niqLue conditions. reaction poductas
Het In vac-@U to 140-1'C .-4 l•rOphoric residue (227).

4

Spstmneoumly flammable (227)

CALCIUM NITP)DE

Mol. Wt., I •u
148.25 ca3N2

M.P. Cracte'ristcs d. /gp. or v
I19S°C (79) Solid - brown hexagonal 2.61;17 (79)
3OVc (19s) crystal (79)

Syuthes~
3Ca +N2 -. Ca3N2 (80)

Evolves ammonia with moisture (195); s. dilute acid; d. absolute ak•ohol (79).

K Themiodymalc Properties

,andard heat of fomantlo -103.2 kal/mli
free oeergy of ftomation (at 25'C)s -88. 1 ktal/mol (79)
entrow (at ZVC)s 25 caimol,)

Vlammablltys
Spontaneoudy flemmable in air (143).
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Mol. Wt.i .A

d./sp, gr-%

7.67 (131)

CdM) qaý Cd3N2 + NHg (1621.

Unique conditions. reaction products
Violent explosion with M20 (143); explodes on reaction with dilute acids and bases (131).

Thetm odyunimlc pmwovtiea

standard heat of formation (at2SC)t 38.6 kcal/mo. (79)

CEREUM NITWE

Moi - Wt.s IFomuliel

154.12 CON

Syntheusis
Heat cerium in nitrogen (131).

Unique condition& reaction Pamducto
With a low drops of water exothermic reaction is sufficient to Ignite hydrogen and ammonia given

off (142).

Thermodynamic Mropztieu
heat of formationt -78 kcal/mol (131)

entropy (at 298")s -25.0 e.u. (131)
free energy of formation (at 298K)t -70.550 kcal/mol (131)

F1atmniabilltvt

Spontaneous incandescent exddatlon with moist air (143).

COBALT NITRIDE

Mal. Wt.s 8 F
72.94 CON

Charactetrstcs
Solid - black powder (80)
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Co(HN,)3 .. CoN + 2NH3 (SO)! cobalt a1id0 In var premmue eudtieotr., decomas.o at ..- 7lr_ .in the Ab•bue of sit (absob evolved NH 3 on Concentrated H2S04) &U NH.3 I• elimilnated yielding
CON (80).

FJbammabilltv* 0
Spmtaneously flammable (80).

POTASSUM NfTiDE

131.31 KaN

M.P.$ Cbracterit•lcu
Decomposes (79) Sohd - graenis black (79)

Soltibilityt

d. cold H4a0 (79)

Camnally spo•taneously flammable in air (143).

DISULPHUR DDIIIWE

Id91. Wt. I Fonnul.*92.12 S2N2

Oiaactetl.wpcul
Solid - volatile colorless
Czy,,l (80)
cry" (80)

54N1 74 232N?(D

Kxp/oea, -boe SOC In -k (8D).

a. besame, stheu, CC14, acetone (ID)

MOI'hNTIJMM AZIDI

ma. W1. -I "omulaa
171.63 SrN4

11410m c290l2o% Neaction vi"-a .
Heat in vacuum to 14" - 1•OC - pyvophodc reidue (227)
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Flaxumabil~tp
Spontomeously flaminable (227)

__ __THORIUM NIRMIDE4

Mol. Wt. I Formulas

752.14ThN

Characterimutcol
Solid - dark brown powder

(1) 3Th + 2W4 *- rh3N4
(2) 3ThCJ4 +2N 2 + 61- 2 -o rh3N4 4-. 12HC1 (50)
(3) 3TbO. 2 +6C * 2N 2 -- + "'b A -+CO )
UuJciue c~onditioii! reactlont odwiaba

Bunis in air with incandescence (143).

SoJlubiiitys

dl. d. cold H20; d. hoL f;O 0; . HCI (79)

AWOO THALLWIu

-Mol. wt. - I CX1;UJ at Synoayrnss
246. 39 TiM3  Thalivi~n uzide

M__P._ Clituucteristicst

330vau (79) Solid - explosive tetrao~n"as

U uilgue conditio ns. reactiun axoduq m 79

Explodeo In air (10)3).

SI. alcohl, ether (Y9)

URANIUM NITrM.OE 
T

Mul.- Wt. I Fornazij:
252.04 UN

M. P.1 ICharacteriaticN
(about) 2630 1 50-C (79) Solid - brown powder (79)

14.31 (79)
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Synthemaj
(1) 7thmial decompoalkon of highor nitrides of aramium luga vacwmin; (2) by strongly heating mix-
tures of uirauliwn and the higher nitridesi (3) teduction of hither nitrides with hydrogeul (4) direct re-
acUou of aznimoaia at i~roane with umnium hydride; cr (5) direct teaction between nitrogen and

Ursalma (131).

Thoemodynamic Rtos'euties
gt~u~nda4 beatcrygjn
stanud eatai fmai-im-WIschal/moi)

tAsdmrd I-at energy of farmaUam -75 kca/mal 579)

e* tLW (at 2rC) Is Cal/'MCI)

Sponatanemsly flammable (240).



(1) O0-KS

IARAUM PMOXDE

Mol. Wt.-
'169.34 laO2 l,,- biaozd.

Si.m di"de
M.P.$ c~laracteristi"
450-C 1,79) Sind - graywhite

powder (79)
d. /op. €ar.s
4.96(79) D.P.I

d2 C (in 02) (79)

Tocitityl
Slight as irritant on lzagestiuaa and on inhalation (1.95); thredacid limiting valve .5 aug/rn 3 (142).

+ (190)

Unique condition. reactiou m•ductt
Reacts with Large quaniatie•e -0 explosivey (144).

SolubUitys
v. dX. s. cold H2 ,d. hot H;,0; s. dilite acids; 1. aeaboas (79)

Protect fomn physical damage, keep from combutkble organic or other readAly oKxid material&

keep from moisture (142).

standard heat ol foamrntom -150. 5 kcal/mol (79)
transition temperatures 723"K (142).
heat of uanltions 5.7 kcal/mal (142).

Military andindustrial uaen I
Used to manufacture oxygen and hydrogen peroxide, bleachng , tracer bulls% primer In combine-

tion with aluminum powder In aimninic thermic welding, oxygenated water (190).

CMc HDMOUS MCINOWME

68.oo (79) r)o

Qt cetevicm
Soi - black pow"er (73)



i. cold and hot HZO, dilute O•NO3 (79)

Flammabltvt

Spottaaeouy flamnmable (50).

CESIUM OXE0

Mal. Wt,. Ic'nulu
281.81 C42o

M.P.$_• Cbgrac•tedeca
d. 4W0C (79) S" - orange nee:dles (79)
420"C in N2 (79)

d./op. (ge.7

4.25 (79)

2C0 + 1/202 -4 C 2o (80)

v. s. cold I.i d, hot H.20% s. acid (79)

.'ou. cxdynazal ivoeeztie

stndard beat o fonmadcmt -75.9 kcal/mol (79)
23a. 1 (79)

Flammabflit
Spoa- siausmy flamn able In HZ0 (vigaiou•) (SO).

FERROUS OXDE

Mol. Wt. I Fogmulu Synowsuau
71.a5 FeO ben oxide

14WC (79) Solid - lack cub14 (79)

.' 2.32 (79)

(1) Thamial dec•nposition of frou formate or Iron oxalate results In carbo bearIng FeCl
(re,20 4  ? 1o + CO + C02 ) (116)1 (2) discomoem F.C 20 4 In quart vessel, lower sec-

tion (BW*C) mmove naseant gSa u quickly as pcuibl4, F1C2 04 trapped In heated portin when
FeO Is fa•led (all gasIs removed) chill quickly (to prevent decomiposltion) (ND)l (3) heat Fe203 and
reduced iron In msled p•eavacusted quartz tubes 3 days at 800'C (80).

100
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'11

temperature of cteusiltol 164t

heat of ttaadttow 7. 5 Iwal/mol (73

entropy(atZ2rXC)a 12.9a.u.

FlammabilI

Oxide isspMotmoudy flammable, bum to 7e63 to erposve to skr but rtuins apbid ducti (11)

DOIOM MONOIDE

Mol. Wt. a WiIW
13D.81 (79) bo

White gray (79)

Solubilitw
i. cold H20; s. alcohol (79)

Thermodynaamic wozaeatle

standard heat of fomation 91 Iil/mal
temperature of ggaamltlcw 00 (79)
heat of tandston; 4. 5 kcal/mo
entropy (at 291K): 14.5 e..

Flammabiltys
Spontameously flammable (SO).

POTASSJM "iROwI

Mol. Wt. a Formuls
110.20 K202

M.P.. B.*8s
40"C (79) Sold - whte, amaq-oam Dccmpoad (73)

deliquescent (73)

Oxidation di potassium in oxygen (190).

Tuemd•namic ropezue.

standard heat of formatiom -118 kcal/moi

temperatre of ttwaa* 98U(K

heat of tt•aatamw 6.8 keal/moL

entropy (at 2a9f): 23 e.a

Flammability'
Ignites or explodes with H2 0 (218).
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SI ~
UJ

MANGANLS HETOXDE

Mai. Wt. I
221.87 M0

M. P.3 Chaamc$lrigica A

s.VC (79) uquid - dusk red oil (79) j
d. 18p. Wr, n D.P.$

t )d. srC (explodes 95C) (79)

Uinme condition& reacton wdit

Forms In KCMO 4 - H2SO4 mixtures (166)) reouts with H20 exothermically - Iitiatsu explosion (166).

Solubilitys
v. s. cold H2 01 d. hot H2 Oi a. H2 SO4 (791)

Flammabb/tys

Explodes 70C (166).

MOLYBDENUM DIOXIDE

Md. . I For. Ulu
127.94 MoO2

d.m or.; Chqaractrilica
5.47 (79) Solid - lead gray, tetragonurI

or monoclini€ (79)

SW atbed s w
M0 3 + H2  30c MO (24D)

solsaItys I
i. cold and hot H20; d. s. h•t ccetrated H2 S04 1i. allkaine olventHCI, HF (79)

Temnodynazak momrtiss

swat ON formation (at 25'C) -130 kcal/mol
temperature ad transilou 2200"K (79)

heat of taition 16 khal/mol
uoPY (at 29NOU• 14. 5 a.u.

Spontaneomy fA&=able (240).
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M.LYD•UWM TRIOXIDE

Mol. Wt. I Fomulas
143.94 M0o3 Molybdk anhydride

Natural nolybdits
aM.P.1 Cbsirajeristic

795"C (79) Soad - caloles, c white
yellow dwambic

d./sp, gr.,

4.6N21 (79) B.jl.
(subUmes) II SS70 (79)

Synthesis
(1) roasting of molybdenite (190)1 (2) by Ignition of the metal sulfides, lowea omdes and of malybdic
acids (190)

Solubility,
&I. s. H20; x. HN0 3 and concentrated HCI solution (190); s. acids, alkalin mildmd, NH44 CH (79)

eheuuodvnaa•ic i x'oiael

standard heat of formatiom -160.33 kcad/mal -18U. I kcoal al
free energy of fornation (at 2SC)i -161.95 kcal/mol
entropy (at 25C). 15.68 csl/*moi ()
temperature of transitions lOSOK
heat of tranitiom 12.5 4 kcallmol

Flamrnbilittyi

Spontaneously flammable (238)

PHOPHORUS TKSOXI)E

Mol. Wt. • EMnlas
109.95 P2o3 Diphbqimw Wialde

M._P.$ haamcterisics V.P.s
23.8"C (79) Solid - Coloden or white 1 (195)

" ~powder at mouoclnic

d./sp, or-% deliquescent (79) D.P.$
2.13521 (79) 173.rC (N2 atmosphere) (79)

Precipiated by t~raat/ng PCI3 with tmecamethyl ammonium &Afits in liquid S0ý

2PCI3 + 3[(CH)4Nh2 S0 3 -- P2 0 3 + 3502 + ((CH 3 ) 4NJC (132)

Salubilltys

d. hot H20O, cold H2 0 to H3PO31 s. Cjg, CS2, edwe, c~cicfom (79)
_ammeablted y l

_--Melted P203 readily Ignites in air when throw Into Oz at 50-WQC igimtes wf bdlUaJ• f'fime (143).
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Mol. Wt. t Forhula Synonym"i

80.06 .0 3  Sulfuric acid anhydride

2. . 3. C
o32. C"(7)
y 16.8"C

Unigne condtUqg% reactUio kioduct
Reacts with mnimstu, In alp to fo,. white fog (23).

ThemaodvmuMic propertle

liquid
tandad heat of formations -94.45 &cal/mol -104. V kcal/mol

free energy of foamation (at 25"C)! -as. 52 kcal/Mo 1 (79)

eatropy (at 254C) 61.24 cal/*mol

MlitMy and lodusrll Wess
Genmasn army mwd S03 for mauke sareens in World War 1 (23).

ThISULPH'R D]NITrOGI DIO])0E

Mol. Wt., Formulas
156. 18 S3N2 02

M F.. Chazncaterlx cs

100. 7C (widac d.) Solid - pale yellow crytals (8o)

s4N, + 4soC2 + 4SO- 2S 3N202 + 4,S2o 2 +-2S (SO)

.Unique coIWu, •. reaction szodnctin
Turesd at 8WC with furtwahem ating yield# spontaneously flammable (300C) yellow vapcx (80).

SIlC.14 MONOMD£

Mol. Wt.,
"44.09 80

M.P.$ Characteri*cu
> 102-C (71) Solid - white cubic (79)

2.13(73) ASOC 179)(3)
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Solubuityt

i. hot and cold U•• .a a.••••;03 (7:F)

Ii ~Thenndnm~ lc wovuitlag
temperature of tranultio ZSS
beat of transitions 12 kca//mol (79)
entropy (at 298fKJ 6.5 a. u.

FlammabLt
Spinanbeously flammable (SO).

TITANIUM MCKOXWE

HH Mol. Wt.$ Fomula

63.90 TiO

M.P.. ____________m

1750"C (79) Solid - yellow black prim (71)

d./.p, qr.,

4,93(79) D.P.s

T1 + Ti02 - 2Ti0 (8C)) 30C()

Solubilitys

*1 s. dilute H2 SO 4 ; i. H•O3 (}9);s. dilst HCI LTI++ + H+ Ti+++ + -H21 (80)

Ibenrm odynamic vropertuen

standard heat of formation (at 2SC)i 43 knel/mol
heat of tzansjtio (y .82 kcal/mol

entropy (at 298fK)a 0r 2.31 a. U.

Flammabllityt
Spontaneously flammable (5O).

URANI. M OXIDE

Mol. Wt.I Formulas SyNO
270.03 UO2 Ura"M oCdA

Uanlkm dioide

25Wc (79) Solid - brown, olack fbambic2 176*C (tunder N2) (W0) or cubic (79)

d./sp. g'.s

10.96 (79) 
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U,.2 '. 2 %j4 . r&2 %p .0uU +.W -Ai0(rprtoofhtcnetae uioofunyntae
with oxallo acids /iWds ayelo Powder of U0 2C204 . %l10 in a abeam of hydrogen even below red

h~ ils a ack veiy fn yooicU02 powder) (80).ofuay tae

NaAdead heat of torm.tlain -270 kcal/moil
free sieaw of fowiatio(at 25*C). -257 kcal/mol (79)
temoperatu~re Of 3rai00tilC
entropy (at 291WK). 15. 63 e.. u.

Used u fissionable dugt carrled In a gas for use in an ADFF. (Armour Dust Fissionable Reactor), Ihe
gas Is C% beryilhm oid the moderator, and aluminum oxide the lining material (112).

Flanamabilitys
Spontaneously flammable black powder (90).

URANNUM HYDRWE

Mol. Wt. I Formulas
273.07 HC2

Metal uraniumi dissolves in excess HCl(dN), drying the precipitate In a vacuum yields UH(CI) 2 (102)

unique conditions. reaction Droduct.
With aqueous KMnO4 yields hydrogen, with heat yields U308 + H2 (102)

Spiuatamouiy flammable (240).

VANADIUM ZSESUJ3OX

149.88 V21 03 Vauim goied

i14 )

sl. s. cold H2~0; s. hot H120, a. iHifO, HF, allaline solvents (79)
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Theinodynamic propedtia
standard heat of forniatloi -290 ken 1/mol
free energy of formation (at 25*C)i -271 khal/mol
temperature of tranxitlim (aol)t 2240°K (79)
entropy (at 25"C) 2$. 58 kcal/mol
heat of tmanstiom 24 koalm/ol

FlammabiMtvs

Spontaneously flammable (50).,

10
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II
(J) PHOSPHELS

AWMINUM PHOSP11DE

Moi. Wt. s Foran_.._ui_

57.96 AIP

M. P.s Characterlsmucu
> 1•0°C (231) Solid - yellow gray to dark

d.,/sp, Sr. i crystals (132

2.815 (132)

Synthe ain
Al + P "- A1 grind aluminum powder and red phosphorus together, place in vycor reaction tube,
fIlush with hydrogen, heat distllation flask in continuous hydrogen until the phosphorus condenses on the
Aluminum phosphide mixture, ignite in a small hot flame and drive out exces phosphorus (80),

Unimue conditioms reaction iwoducto
Yield phoIsphiD o reaction with H20 (132)

CALCDJM PHOSPHDE

Mol. Wt.._ Formulu Syonm
1i2.19 Ca3P2  Photophor

M. PP.__ Chiracuericlci

Ca 1600C (79) Solid - gray lumps (79)

dI, v., or.:

2.5 (79)

(1) 3C + 2P -+ CaP.!; (2) 3Ca 3(P0 4 )2 + lI -* 3Cafp2 + 8AlO03 (cannot seprate
Ca3P2 and A1203) (8o)

Solubility
d. tn cold HI01, a. acids I. alcohol, ether, C6146 (132)

Thet7.a awIc Propestlen
heat of formstioMn -120. S kcal/mol (226)

Military and industrial use.
Used to prepare P2 144 (80)j used In signal fires (132).

Flammability
With water produces phosphine (PH3 ) and diphosu e (Ph 2 ); diphOejA in- ignites spontaneously in

air (220).
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CEIS1IM PHOSPHD E

Mol. Wt.$ Formulas

S20.67 C 2P5

Carxacterimtics
Reddish brown (231)

Unique conditions, reaction ILoductu
Reacts with H2 0 o moist sir instantancously to yield philphivo (231)

CUPRIC PHOSPHIDE

Mol. Wt. s Formulas
252.6 Cu 3 P2

M. P.s CIaracterlstksi 4
Decomposes (195) Solid - black powder (131)

6.67 (195)

Paus phosphine over heated culric chloride or through solution of cupric ýudphmte t1 3 1).

Unique conditions reaction products"
Yields spontuncously flammable phosphine on contat with !10 (195). -

POTASSIUM PHOWMDZ

Mol. Wt. a Formulas

233.05 K2 P5

M.P.1 Characteistcm
About 650"C (231) Reddish brown (231)

Unique conditionj. reaction ,•oductaz
Phosphine produced Instantaneously on reaction with H2 0 or moist air (231).

LITHMM PHOSPI-DE

Mol. Wt. I Formulas
168.73 Li2Ps

M. P. C(haracteristics
About 650"C (231) Solid reddish brown powder (231)
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UX~quG coLdtidonxra. to Pmem!cm~

Phosphiy • p&oduced for reaction of Li2PS wth H0 at moist air (231).

MAGNESIUM PHOSPIDE

i 1Mol. Wt. I Famald-

S134. U Mg3P

r!
. /op. 9.• a Ch,,cetriotdcaS2.0.S 179) SoLid - yellow green cubic

crytai (79)

Heat magnesium with dehydrated org•nic mt wozgoaaic n*mtance comtaining phosphorus. heat mixture

of magnealimi filings and ?ed (or yellow) phosphbrus to redness in a glass venel (131).

Unkiue conditions, recwi.nSodw

Mg2 produces pJospidue and Mphosphinn on contact with H2 0 (226).

Solubility$
d. hot Lad cold U20; d dilute minerai acid; sl. d. concentrated H2 SO4 (79).

SODIUM PHOSPHVE

Mel. Wt. g Formulas

200.83 1a2 P5

M.P.3 Characterioticg
AbotA 650"C (231) Solid - reddish brown

powder (231)

Unilue condlt.m.r mrac•tio oducto
Reacts lmtaataneously with H2 0 or moist air to yield phosphine (231).

RUBIDIUM PHOSPH0DE

Mol.t.W. t Formulas

325.81 Rb2 5

2u.racterioica
Reddish brown (231)

Unique ovuitions. reaction Productm
rReacU hwtantaneously with H2 0 or molA air to yield phosphine (231).
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Mol. Wt.I FmSnw

S.F ~Tin phmoaidaopbd

Decm Pns~ (79) SoLid - gl,.,w ie Tivyajdido

6.56(79) B.P-s

Dcowuwe.(79)

Unique conditiorts. reaction ttoduct I
Reacts with mobgwur to yield jiiosphln. (195).

Solub~lityt
d. hot 1-2 0 (29)



Cli) SEJCIDIS

CESRJM SliJcVE

Mal. Wt-. Formuia
161.0 Ces3

curacteristics
Solid - brittle bran Colorles
CainPact Man (80)

Ignites explosively an contact with H2 0 or dates. acid (80).

POTASSIUM SILICMDE

MCI.- Wt. I Formulas
67.2 KSI

Oiarsacterlglcs
Solid - hod, poorly crystallied,
dark luger (80)

Pan potassium vapor over heated sillica, formas potanuiw silicide and silicate (131).

Flarmmebitys
Spoutaneousay flammable with detonaatiun ý50); ignItes spontaneously on contact with water or dilute

&cubs (80).

LITImm SILICDE

Mol.- Wt. I Fonmuiss
97.81. L16S12

M. F.g Characteristics
d. G00'C vac (79) Solid - black cryistas,

hygrosaopc (79)
d~!. /p.S !L
About 1. 12 (79)

Simtbeiu
Heat silicon and Lithium In vacua far 2 or 3 hours, and finally at dull redness. Remove excess lithium

with liquid 1013 at distill off at 40(0-WOC at reudced presate (131)

Unique conditioxy6 reaction pWducta
Evolves spontaneously flammable gas as result of violent reaction with water (143).

112



1 d. ~ho Wn cod H,01 d. aicbhll I. WH3, MPU, f7M)

4 SC0XIJ SILICVID

_ _ _

51.1 NS

Spoitoneowsly flgnimable au loose pworder (50)a spostaasouly flammable and oxplodvo with 1H20 w

dilute acid (OD),
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I
(1) SULFEDES

BARIJUM SUILFVI

Mol. Wt- I Formul.•
10,43 gaS

MA.P.- Characteristics

1200"C (79) Solid - colorless cubic
crystals (79)

d./- . r.s

4.Zs51 (79) _

2.155 (79)

Toxic ityt
Acute; exccu salvation, vnmitiug, cholic, violent diarrhea, convulsive tremors, Increased blood

pressue and hemorhages in G1 tract amn kidneys, also muscular paralysis (190).

Synthesist
(1) veduce sulfate with vo-; (2) welt is lixiviated with hot H,10 fltmd and evaporated (190)

luisa, condition. react-n produ
With damp air decomposes to carbonate with evolutimo of H2 S (132).

Solubiltvs
d. in hot •nd cold H2 O; t. alcohol (79)

Moderate fire hazard, may ignite due to air, moisture or acid fumes (27)

CARBON DISUIHDE

Mol. Wt. I Formulas Synonyms
76. 14 CS2  Dlthiocarbonic anhydride

Carbon bisuphide
M.P._I Characterwicm

111-C (79) Uquld - colorless (79) V.P.. I
4o028 (19s)

d. / o. qr.! B.P._._

1.262i (79) 46.3"C (79) V.d.t

RIB 2.64 (195)

D2o5 (79)

Toxiity
W-Dhly toxic when ingested, inhaled or absorbed, acutely and chaily affecu central nervous sys-

temg anaesthetic effect with death following respiratory faflurt (195); threisold Limit value -
to ppn (141).
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L ~ . React sulphur vaporm anl alowina 0a,0m.~ I. .1-e.. oft.

Unique conditions, regaetio R.•d•acts
Decomposes to yield highly toxic famne of sulphur oxides (195).

Ignition ten=,R!Vture
flash • oints -227 (19)s
AuinORgato temperature 257OF (LO5)

5 Lsolubilitys

Ship in aall glass Or metal container' Packed in fibez or protected frm phymlcal dmany., isoite"8tCae away fo diect sunlight, k*ep cool (vapor emiume dow) under H 2 0 and no nearby elecajalcA .intalltin-s 1142).

Theran odynamic proprties
heat of fusion (at -111.99*C0 1049k 3 .a//mcI
heat o/combustions -246,6 kcal/mol 

zcritical ttmperaturem 273.O'C (177)
critical pressures 72. 868 atms
free ewergy of formation (at 2P8. 1'K)s 15, Il0 cal/mol

Milltafy ari ibduarial uses
rnportnit solvent (dismolves sulphur, rubbers iodine and poatwsum) also a fumigant, disdftac tand Is k'-d In preparation of CC14 (214).

CALCIUM S(LYPHIDE

Mol. Wt.s Foranul. S.._._•S
72.14 CaS Natural oldhamite

M.P.$ Chrcteristic
Decompooes ,79) Solid - cololeu cubic (79)

d./uIp. ]r. s n

2 5 (7.9) " - (D)
2.137 (9

(1) strongly meat pulverized calcium sulphate with charcoal (190)
(2) CaCO 3 + H2 S -* CAS + H2 0 + CO? (80)

I. alcohoal s1. m. cold H2 0, hot H20 (132); d. acil (79)

Flainmabilit, s
Air hazardow solid (27).
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MON SIJIIVE

Mol. Wt- I Far. ul a Syunymu
87.91 FOS Ferrous sulfide

N.P.. CAa'rsr'tauitics
1193-1199'C (79) So1d - blai* brown

hexagonal (79)

4.74 (79) ..
Decomposes (79)

Fe +S -f FeSIseal Feand S In quarts tube evacuated at high zresunr heat for24 hours at IOO0C
(higher and the tube bursts) reaction complete when and if S no lo.~er collects at that end of hot tube
wben cooled for test purpose (W).

Solub~ityt

dhot H201 si. d. acidi I. NH3 (79)

Spontaneously flammable (2 11).

POTASSIUM SULFIDE

Wo. Wt. I Formula mvys
11.7K 2S PotRsslun sWUlfret

M. -PI Characteristics

41C 1 9S)7 Solid - yellow brown

21C +S NH 3  K- S(0

Solubllltvi
s. cold H20, acid, glycerolj v. s. hot H201 i. other (79)

Flammb~it
Air hassundous, minosture hasardious, may ignite spontaneously (27).

SM5JM SULFSDE

Mol1. Wt. I Fomiuluas
78.04 N&2zS Sodlium zmomdicoide
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M.P.$ Characterisics

11S"C ("I Solid - white dHliquesent

Ij I~ 'orytab (79)
1.852•(79)

(1) 2Na + S M . N2S, (2) Na.,S 9H2 0--) N&2 S + H2 o (so)

Ssolubilitys
,. H2 01 o1. s. alcoholl d. cid r i. other (79)

Military and industril usest
Powerful reducing agent (214).

SFlawmabilitln

Air hazardous mbsamce, moisuhue hazardoue, spostaneously flammable in air (OD).

SGO 1UM H'DROSJLPH41TE

Mol. Wt. I Formulat SYnMoGYm
174.10 Na2S2O4  Sodium dithilomateUdw Na2Sy20t

Sodium adloxyitea

M. P.s ICamcteristicas
d. 55C Solid - white, grayish white

ecrystalline powder (195)

Dissolve Zn in solution of sodium biwUlIfte| Zn- NaS2 Is pmcipftated by milk of lime leaving tlh

hydrosulfite in solution, add salt and hydresullte of crytalation Is precmpitated, the latter Is removed

by treating with hot alcohol (J 90).

Solubillty$
v. s. H1IOj o. a. alcohol (132)

Military and industrlal usem
Used as meduchng agent, particularly in dying with indigo and vat dye% blearchin soaps and ftaw (132)

Flammabilltv
Oxidizes in air, with moisture becomes damp and is liable to ignite (iS).

PHOSPHORUS SESQUISUIYDE

Mol. Wt. I Formulas Synoyma
220. -0 P4 S3  Phorspwus tetritatisulfide

Tetraphospaonau trisulif do
M. P.- Characteristica
172. SC (195) Solid - yellow thonbic (79)
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2. 40?-C (195)

:?nb&Way toxic (191". .
Q + 3S-+ P453 (214)

WOO= om "tenmnWe
Atal ~t*wAtI~etume 2124F (195)

I. coid iIZOs d. hot 1420 (79)

ship in glass jars and bottel, wooden cuts, stew1 dinnna protect frm phaysical deamage, store in
coal ventilated place, ainpusat from other material (142).

Umd In matches manufacture to replace phosjkwss &ad Ix synthetic organic chemistry (214).

PHOSPHCIUS PI4TASJLFAME

W.. Wt- onue
22.27 P2S5

M____ Caraacteristics
286-w9C (79) Solid - gray yellow

deliquesenat cryistl (79)

2.03 J79) B.P.1 ~ ~
S14-C (79) 7.67(131)

Yield polsonow H2S U react with 1420, threshold value ojLdt I mng/rn 3 (14z).

2P +SS -+ ?2 S5 (80)

287? (1421
Antalgu~nitlonuperatuw. S48.61F (195)

1. cold 1H205 d. hot H2a . alk-.Iin solvento .22C52 (719)

Skip In glau bottles, seeled dwns,4 protect from physical dam~ag and moisture, separate fromn
oxido.1ng materialm (142).
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Nfiiitay god indaatoWtalwom wn ~riom ccmons(3)Used in safety inatches4 ignA~u compounds, and t, iattodnc~gslu ~aguccpud 1)

Flammahwltyt
Heats spontaneouslY, May ignite in~ PJaMIc. Of =notume(4)

THOURIM OXYSULVDE

Maol. Wt.I FoXMUIa*
290.10 Thos

M.P.1
Docaeipaees (79) Solid - yellow, cyial (79)

6.44 (79)

i. cold H2 0; s. aqua ?eglai 61.. 1' HM03 (79)

Flammabilityl
sponetneouuy flammable in air (143)
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(m) MISCKIIAmaS

XAMMINO CALCIJM

.Mol:Wt., 4~u-

WW-t Formulas142.0 oscK(Mi3

FIsrmwabil/t-,.

Spontaneously flammable (SO).

iCR1OOSIJIONIC ACID

Moi. Wt.s Formul.11G..• C.4so2CH

M.P..t Characteristicss

-3'C (79) Liquid - colocless, fuming,
Pungent odor (79)

1.766MS (79) B.P.s Do
xsS"-- (79) 1. 437 (9

Toxicity,
Breaks down to HCI and H2SO4 with mostue in lungs (142)1 m24y produce severs actd burns, initating

to eye,, lungs, and mucous membraw., on ingestion seriously irritates mouth, esophagus and £nmerah,
(195).

Synthesi
(1) Pou HCI into fuming H2 104 -4 CIS0O2 H (214)
(2) react S03 + HCI --) CISOQCH (214)

Unique oaditionh reaction Moduys
HNCSO 3 + H2 0 -) H2 SO4 + HCI (170)

Solubilitys
d. to H2SO4 and HCI in cold H2 0 (79); d. alcohol acid; i. CS2 (79)

Hand"Ing
Keep tightly closed, decomposes with explosive violence in H2 0 (132).

hMIltaLr and industrWl usre
Used In mamnfactbe of orgnicmalfsnc chloriddu, msutonating agent foe hydrwxyl compounds (214).

Used by Genman army in World War I for smcke screens (24).

Flasmabillt.,

Fumes with air (170)
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Mol. Wt.l Fccniula
89.86 Fe(OH) 2

M. P. I lacteristilcu
Iiicoznposem (79) Solid - nearly wime (slightly

greenish) hexagonal or while amorploum (79)

Carry on wn N2 attuosphur. (ublsence uf 02)ja ceatUfugedsoilition of Fa(011) 2 (precipitated frmpr
ULCY~ in concentrate~d £L4uet.NJ s~lutlui of WI-3 is -odsuited darough a filter Whited with K40 Heat the

lFe(Cl )2 prec.lpitat&e 3 hours at W)C and a~llow Isecipitats to settLe, wash in similar fasition. Solidify
residue by il~ntnersioa of flask In Ice, salt xnIxture and distl~l off 20as solid slowly meli*, conspl'AL
dtylxng with P2 05 undt r ligch viacwuin (8W).

When sixayed Into air, but-us w~th S~IMP3 (W()-

cold H2 ooujslojsýO~ acid, PIII4 C'. i;I. aLkallnc. volvaut (79)

POTASSIUM CHLORATE

*Mol . Wt S Fiatjuluas
122.55 KQIO3

Mi. P': Circzsta
355V ( Solid *-colorless Etonocllnkc (79)

2.32 (79) d. IOOC (-1); Dt
1.409~; 1.5171 1.524 (79)

(1) ele'.trOlybihU A &L O eml a~ liac~~ia.d Aita I hic awIutn of ICCI (190)
(2) ftterac.lon 4 of 5dI~u~,.s J, ImAai~uut v.Jloade aind sodiunt Chloate Or CnOCitn CAlraAW (19U%

SolubilltyL

I 1cold H200 57~1O00utH U0-514. O1X) SG alcsiuoll &I. s. glycol, liquid NH3 1 I. "stonci I' alkaline
solveait (79).

Explosive~, fireworks, nhat.tkhs, 141iutift dud dying cc4~tm Lad wool black, wnaar* of 02 in chemical

S1UIx~uUeus.y expjUavc (J64).
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DVIOTASSIUM mtIrmOArRTA TR I
Mot. Wt- I Foermulas
181.2 K2 (N0 2 )CiCOO

Unu ditU o6 reaction pr od1ct
Ej AZ.1, when dry salt moistened wish a little H20 (143).

MAGNfa:PM CYANVP

Mol. Wt. I
76. 31 9N2

M. _ .____L

d. •O'C to MgC2 (79) d. OWC 19)

r I ~Soluihlity&
i. cold H2I; d. hot H2 0 (79)

Flammabilityn
Liable to produce fire upon exposure to air (27).

SODIUM HYDROXYLAMINE

Mol. Wt. s Formulas
53.99 N -NH2 0

Synthe"i
Sodium reacts incandescently with hydroxylamine in etheral solution yielding hydrogen and

NH2 ONa (131).

FlammbtJ

Spontaneously flnmmable in air (143).

SODIUM IYDRAZVDE

Mol. Wt. I Formulas
53. " NaNWH 2

Syntheriss
Thin slices pure sodium gradually added to ordinary fees hyd&.zine in an atmosphere of pure dry

nitrogen, a colorless precipitate is formed (NaOI) and liquid becomes yellow, evaporate yellow solu-
tion and NaNHNH 2 remained as residue (131).

Uniq-u conditions. reactton Producto

Can explode with air, alcohol, o moisture (142).
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Na4 P2 " 2N"3

M01. Wt. I
187.90

U:1 Ltue condltions. reacticu i.oduct

Violent reaction with H.,O yields spontaneously flammable phosqhim A" hydrnev. (156).

DIAMDOIHOPHORUJS ACMED

Mol. Wt. $ Fotnulass
95.99 (NH 2 )2 P(o)oH

Sy,ithegin
Treat pheuy idichloropho•phate CM2 PC' CCl 5 with NH 3 to convert it into PIanyldlamidophbopbates

ard (NH2 )2 POOC4H 5 and hydrolyze the product with a solution of pot"eswu diamidoplhospbae. Heat
the cold solutloi ot this salt with C3- 3 COOH to form crysxals of (NH202 POOH (131).

RUBIDFUM SILICIE

Mol. Wt, S Fokmulas
113.5 Rbli

Characterlsics

Solid - small dark crystals (80)

Unique conditions. reaction pzodaatu
Ignitea explosively on contact with H20 or dilute acids (80).

MROSILOXANE
-4

Mol. Wt. I mu!
46.09 ys5o

* Flammabilitn
Spontaneously flammable In air (143).

* S12 N4 H6

Mol. Wt. S
118.18

Si2 Cl6 + NH3 -- SN 4 H + (SiN 2 )0 (80)

FlammabUltyt
Spontaneously flammable (50).
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S rLICOC•IIq

Mol. Wt. I Fonr las
(84. 18)n (St 2N 2)n

Syntheuist
s12 fc + N• 3 - S31N4 H6 + (0 2 N____ iso)

FlammabqULt_
Spontaneously flaramable (5O)

TITANIJM BORIDE

Mol. Wt. Formulaa
69.54 TIB;2

Prepared from titanium powder and boron trichloride under argon (24).

Flammability:
Spontaneously flammable (240).
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11. OR•ANIC CCMPtJPO•tJDS

(a) METAL

• i'"WAILV.R,

Mol. Wt. I Formula:
184, 28 (C#lS)A

M.P.. CIAracterilc~m
d. -18°C (103) Powder - gray or brown f.103)

Precipitates when AgCI or AgBr F' added to a cooled solution of itenylmagnesltun bromide (41).

Solubilitt_
s. ether; i. organics (103)

Fh'amm abilityi
Explosive at rocan temperatur,ý (41)

ETHYL DICIlLOROAJ]MM

Mol. Wt. I Formcxnit S n.x.a
126.96 CH SAiC1i2  Ethyl aluminum dichlodede

M.P..._ Characterisk1ca V.P.,
22•C (220) Liquid - yellow (226) 12"0

30100[

69120- (226)
1.23225 194'C (extrapolated) (226) 280is

vascasitv,575180
Synthetic 3. 18 (at 23.3'C) (226)

Reaction of aluminum chloride with ethyl aluminum sesquicldorde (190)

Unique conditons, reaction product,
Violent reaction with H 2 0 (190)

~S olubility,

d. HZO, air (226)

Military and industrial user•
Catalyst for olefin polymnerization and aromatic hydrogenation (190).

Flamimabllltyn

Spontaneously flammable (226).
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ALU/INUM•. BORC.HYDRID£ MlXTUPE

Mol. Wt. : Formulas

117.46 A1(BlHi4 )3 • C2 H6 0

F~lam maiblty.

Spontaneously ignitei at rocn temperature after a short induction period (173).

TRIMETHYL ULIJMINUM

Mol. Wt. I Formulas Synomymp
72.02 (-1 3 )3 A1 Trlmethyl alunine

M P.:
15.4"C (226) Clutracteristcaa V.P.1

Liquid - colorless (226) 8

B. P.1 68.5w s 226)

1260C (226) 332100)

Synth- Sill
(1) 2AI + 3(CF1 3)2 Hg -- 2(a4 3 )3 A1 + 3Hg (109)
(2) MI2Mg 3 + 6C"-13 C1 -- 2((- 3 )3A1 + 3MgC12 (109)

Unique conditions, reaction Moducts
Violent reaction with H2 0 and oxidizing materials (109)

Solubilityi
s. organicm; d. H2 0, air (226)

Thrmnodynaimic propertirm
enthalpy of combustolw 762. 1 1 2. 3 kcal/mol (714)
enthuapy of formations (l1q) -28.2 koal/mol (714)& (gas) -13. 3 kcal/mol (714)
heat of combustion 10, 500 callg (226)
specifi' heat (at 33 mm)g .53 (226)

M~litary and induadrla uses.
If released in atmosphere, produces self luminous trals useful for wind meauuements, wind shears,

and turbulence at night (192)1 intermediate clam of propellants (109).

Flammabiity,
Spontaneously flammahle (226).

TRIMETHYL ALUMINUM BROMIDE

Mol. Wt. t Frzmulai Characteristic_

231.85 (CH 3 )3 AALv2  Liquid (130)

FLammabiityr
"pyrojortc (130)
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I

MoL. Wt. I Formujas
164.94 (C2 H5 )2 AIBr

.P.___ CaracterhsAca
383"F (126) Liquid (126)

Unique condltions. i€action ixoduct'
Iglntes with a, H20, alcohol (126).

DIETHYL CHIOROALUMIE1

Mol, Wt. Fomulas S___a'_
120.56 (C2 H5j-AlC" [imetyl alumnJnum chloride

M. P.I C~haracterlsticui m. .P
-74"C (226) Liquid - colorless (226) 1') I

d./6.g.5 D 26
. S5 (226) B.P.1

208zC (226)46 ;

(extrapolated)

.453 cp (at 23. 3"C (226)

* ~Toxie.ltv .
SProduces deep painful burns on contact with living t,,ue (142).

Synthesin
React triethyl aliulaum with ethyl aluminum sesquichlorlde (190).

Unigue conditions, reaction product,
Violent reacti with H2 0 (190).

Handlings
Ship in izeel cylinders, store in Isolated, well ventilated, fis reudlive stoeroom. Protect containers

from shock and damage (142).

DIEThYL AWMINUM HYDRIDE

Mol. Wt.I Formulas
86.11 (C2 HS)2AIH Diethyl "dumbne

d.sR t.Carackistlica V.' I

808u (103) Liquid - colorless (103) 55-56 .O0-.0001 (103)

j4~~(103)

i L ~~4702.1o)_
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UI1!

AIC13 + AI(C 2 Hs)3 0(C 21H5 )2  AI(C21-0)2 C1, AI(C 2 H5 )2 CI + LIH - AI(C 2 H15 )2H +LIIJ (piu.

Solubilltys

d. H20, air (103)

Flanmnabil..t_
Spontaneously ignites In air (145).

TRIMETHYL AWMINE DIMETHYL ETHER

Mol. Wt. I Formulas
118. i11 (C1 3 )sAMCCH3 )2 0

EMP.$_ Charaet1ri4ca BP..
-30"C (226) Liquid (226) 159"C (226)

SolublLitq2
s. oganicsi d. H120 (226)

Spontaneously flammable (226).

TRIETHYL ALUMINUM

Mo~l. Wt. I F.•aul-,
114.17 (C 2 HS)3 A1

M. P. t Character istics V. P( 2

"-4'C (226) Liquid - colorless (226) .- M(2

d.Is. o.• s -P•-. 1310.832425 (226) 194"C (226) 11014(

207'C (extrapolated) (226)

• 527 (at 33 mm) 4; 2,SO up (at 2VC) (226)
1.4--0 (225)

Toxicitys

Wt ;h, extremely destructive to living tissue (Wl).

Synthe sis
AI(C 2 HS)25r + Na(wire) •4 AI(C 2 H5 ) 3 ... Heat flask of AI(C2 HS)2 Br and Na wire at 1O5C (with

external cooling) until reaction calms, add mno Al(C 2H2Br and heat to 200_C for 10 hours with

strring, cool flaik and add extra Na wire to ensurs dehalogenation completIons resume stirring at

l50'C fce Ii hours. Distill off AI(C2 Hs)3 (OD).

Unique conditio, reaction pgoducta
Hydrolyzes to AI(OH) 3 immediately with moisture (80); explodes violently with H2 0 (143).
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!s•iltton temperatures

flash pointi < -52. 5'C (195)
autolgniltion temneraturet < -52. VC (195)

Solubilityi
a. organical deco•nposes H20, air (226).

Military and Industrial user
Used in experimental tests for obtaining heat transfer parmaeters (73)1 igniter for rocket fuels (187)5

igniter for capsule firing flame thrower (98).

FlammabilityI

Spontaneously flammL~b~e (226).

DI-n-PROPYLAWMINUM HYDRIDE

Mol. Wt. t Formulas'114.04 (C 3H 7 )2 A1H

Flanmmabilityl

Ignites spontaneously in air (145).

TRIMETHYL AWMINE-DIETHYL ETiHTE

Mol. Wt. I Formulas
146.21 (CH 3 )3 A1. (C2 HS)2

* Characterltics* pA

SLiqu ""'• `19 I (2 2 6 )

Solubilityt
.. ugaidc solvent; d. 120 (226)

Flammabllityn
Spontaneously flammable (226).

DUSOBUTYL AUMMNUM C•iORIDE

Mol. Wt. I Formulas
176.67 AICI(iso-C4Hg) 2  Di-i-bntylchcokoalusimh

M.P.$ Characterutics V.P.,
-39. 5C (103) Liquid - colorless (103) gi

5138 (103)

d./s2 !'~ U20 1108)
.9O8820 (103) (s

1.450 3)
20 06vis~coaltiyi

5.11 cps (at 20C) (103)
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I

Untigue conditiorw, reaction productA
Y!.... .. .W ,. ,,~•• c• iLl wG H 0; AC0C41*. + "20 AI(MH)ýC + 2160-C2 I

Solu_.__li__,

o. organic solvents; d. H 2.0 (103)

Frlasmn.abiltva

igh spontaneous exothermic reaction (may flame) On contact with air (111).

DUSOBUTYL ALUMINURM HYDRIDE

Mol. Wt.I Formul_ . B.P.I

142.06 (i..C 41-19 )2 AIH 105-C (190)

Synithesist
Reaction of Isgbutylene and hydrcgen wilt) alurniuum (190).

Military and industrial were
Reducing agents In the mninufacture of pharmaceuticals (190)

Flamnability
Pyrophoric Uquid (190).

TREROPYLAWMINUM

McO. Wt.: FL.amulal
sS6.Z5 (n.-C3H7 )3A

M.P.. Characteriicim
-107C (103) Liquid - colorless (103)

d./Sep. E.t B.P., I -P

.8320 (103) 248-252-C (103) 1565 (103)

Toxicity$

Slight (acute local) as irritant, or allergen; slight (chronic local) as allergen (195).

Unique conditlonA. reaction roducta
Vigorou reaction with oxidizing materials, hydrolyzes to evolve flammable vapon (19S)) explodes

violently with H20 (143).

Solubility,

s. organic solventsg d. HI20 (103).

FlammabliUtr

PyRoooidic (190).
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TRIUROV'II. AlILI~NUWI

I i6,2,5 (i -C.11 17)3.A IrI~

A07*C o103) UIetrsioVP.

NZ320 (10 3) 248-252'e(03

I- Or~ganic aOiventil d. H20~ (103).

Flamriabillty,

SPmeL-AaeOtuay flammable (168),

DIMMh~. 4-1nT1oXy flU? J-Ah.It

Mol, Wt-. Iour

188.27(C 2 fli) 2A1(CH2 )40C-2H.

racteri~V iuvP.
1AIJ~I'd - colorless (226) -%5.F 1 (226)

.a"Ir S' Orgaziic solvents (226)

Pianimabilitys
Sp-taneously flammnable (226).

TRIETHYL AWUMLNE DIETHY VIUM

MaR. Wt.,Raaua *'
188.25 Al(C'2 H5)3(Czlis)2O 2160-21$'C (226)

Ds1 (226 Characterigucs V. P.,
(12)4370IJ colorless (226) 16112 (226)

lFlanli abiltyi
Spontancouuly flamm~able (226)

D2XE1hyLDI8ThrYL AMINO-3-PROI'yL AWMUft

Mol. Wt.a Iomu

199-32 (C2)HS)2AI(CH 2)N((C2 jj!5 )2

j 131



M P.1 Characteristca V. P.

-2C (226) Liquid -5traw (226) 2 (2261

Solubility:
a. organic slvents. d. air (226)

Flarurnabilityi

Spontaneoludy flammable (226)

TRI-n-BUTYI.ALIMINUM

Mol. Wt I Forroulas
198.33 (n-C41[9)3 A

Characteri•tc,
Liquid - colorless (190)

Syntheitti
Exchange ,eaction betweon butene-i and Isobutyl aluminum (190)

Military and industrial useg
Production ot organotin compounds, (190).

FlammrabllliyW
Pyroptoric (190)

TRI-iso-B.TYLAMD,,UM

"Mol. Wt. $ Formulas SynoDymSS
198.3 (C41-H9)3 A1 Trilsobutylalurnine

M.P.$ Characteristca V.P.,
1.0 - d. 3"C (103) Llqdd - colorless (103) 147 (103)

P d.ap~r.:n 2O viscosity$
.78•s (103) Ds (103) 2. 39 cps (at ZOC) 003)

High, extremely destructive to living tisnu (195).

Synthesis:
React lsobutylene and hy&,rogen with aluminum under moderate tampetature and varying presure (190)

Unique conditous. reaction Products
Reacts violently with H2 0, acid, halogens, alcohols and amines (190).

Iqgition temperntures

flash points < 4C (195)
,astognition temperature < 4!C (195)
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Ss.lubilt•,
• 'I. 7H2o, air (i03)

Military and inilustial use=
Polyolefln catalystj mianufactue of primary alcohols &Wad lefins; pyrophoric fuel (190))

Flawmabllitys
Fumes violently at ignites with ai (190)

Mel. Wt. I Forulas
2.8. 30 (C6Hs)3A

M.P.:.._• characteristicss
230'C (103) Solid- white (103)

Solubility:
d. (explosively) H20; s. organics; (M)•

L, 1, 1-7TRDAME TIY IRJROMO DLAIWlilEN

Mol. Wt. I Formulasyowm
. ~ ~338.81 (CH)3XALAr3Mae!dm u .•ua ld

4"C Liquid - yellow (226)-,

: d. Isp. gr.1 B. P......a 89100 (226)

i1.51425' (226) 166"C (extrapolated) (226) 18.512°
&, I40

[ ~2.7/dcp (at 23."C ) (226)

[i~Unique condltiota, reacti~on LyodurU•

,: • Viol ent reaction with H20 (19D)

! ,s. og3anic solveel| i. H"20 (226)

Mili tary and Industrial usess
Catatlyst for polymerization of alefins and hydrogenationofd aromatics (226).

•. islammability s

Spotaneously flammable (226).

METHYI.ALM~iUM SESQJICHLORIDE

Mol. Wt. I F Was B.P..

205.34 (CH3)3A12CI3 143.7"C (extrapolated) (190)
d.-Pi,. da/rp, ir.s
22. rC (190) 1.62925 (190)
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Military uand industrIal uss
Cattlyv for polymeriation of olefins and hydrogenation of arnmatics (190).

Flemmabilkv

Fames instantly in Air (150).

1, 1, 2 -.'TRfl~rHYL DLALUN]NE

Mol. Wt.$ Formulas Synounymn
102.09 (C-I)2HAIAIH- '.-3 Trlmethyl aluminum hydride

Uuique conditions, reaction x,,oducta

Vigorous reaction with H2 0 -- CH 4 + H2 + A12 0 3 (92)

Solubilltr
d.Tb, H20 (226)

Flammabllity$
Spontaneously flammable (92)

1, 2 -DIETHYL TETAIDO D1AUM0 E

MOc. Wt- I Foramulas Suuolyu
619.72 C2 Hs5 2 AA112 C2 H5

Characteristic- V.P.I
Liquid (226) 4158-160 (226)

solubility$
d. 7 0 (226)

Flawmabillti
Spontaneously flammable (226) 4

1, 1, 2, 2 -TrTAMET,-YL DIAUJMDE

Mal. Wt.I Formulas
116.12 (CH3)2HA"AUXCH3)2

aaaracteristcm B.P.
iUquid - colorless (226) Decompoees (226)

Unque conditians. .maction Products

Reactb with H20 to yield C-4 + H2 + A12 0 3 (92).

s. -gamic soh.ft; d. 120 (226)

Flammabilfty
Spoatanenaly flammable (92).

134



• . a . a ri Ia UA•ALUMLN

Mol. Wt., Formulas Synonyni130.14 §2 I-H(C) Pentanietbyl aluminum hydrids

Liquid (226) d. ab (226)
Unp• ondtions,. reacion producta

Reacts with H20 to yield C-4 + "2 + A12 0 3 (92)

FlBznnabgAY/.
SpontareousJy flammable (92).

1, 1, 1 -TIJETHYL TRICHIwRODIAAWMNE

MoA, Wte. ormul.c
247.52 (CZH 5 )3 ALUCI 3  Etyluiu esqukchlosldeEthyl alumiumms•qI~l.d

M.P.$s ahracteriaicm

-20"C (226) Liquid -yellow (226) 19

34110 (226)d./,p. ... I 76130
I1.09225 (226) 204C (extrapolated) (226) 525190 5.
1.91 cp (at 23. 3C) (226)

Reaction of ethyl chloride and a.luminum (190).

Reacts violently with 110 (190).

Military and indutrial usea
Catalyst for olefia polyedztation and a-omatic hydzrogenation (LO0).

Flamm abIlity-
Sixotaneously flammable (226).

TRIETHYL AWUMINUM ETHIATE

Mol. Wt.t Fomu__

699.0 (79) 4AI(C2 H5 )3. 3(C2 H_) 2 0

aiaracftV"~Cw B.P-s
Liquid - colorless (79) 11216 (79)

Utisconlttlonj, a'ea :tio podct
Expodies with moisture evolvin ethane; warming evolves copious fumes of other (195).
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Solubilityi
Explodes with cold H20 (79).

Explodes with molsture (195).

ALUMINUM SESQUIMRWHJE ETHYLATE

S• Caracteristics;
Liqu•d (125)

Unigue conditiosus. reaction Products:
Explodes with decomposition on contact with H2 0 or alcohol (12S).

Flammabilityl
Pyror.horIc (125).

TRIrFHYL ALUMINUM mTHLM BORON

Formulas
TEAB
[TEA + TEB]

15% 85%

Flammability|
Pyrophorlc (186).

DRMETHYLa0ROARSD4E

Mal. Wt. I Formulas Synonyma
140.44 (CH3)2AsCl Dlmethylarsenic monochloride

Chlorodim ethyl anine

M.P.$ Characteristcs Cacodyl chloride

< -45"C (79) Liquid - coloelen (79)

dB /o. q.. D.P.$ V.d.i
1. •W 12 (79) 109-C (79) 4.84 (195)

n12

- (79)1. 5203

Synthdis b

Dimolve cacodylic acid In exceu HCI and reduce with solution of hypophosphioru acid in the
same reagent below 50*C. Cacodyl chloride sepiates as a heavy faint yellow oil which It removed in
a separatory funnel, dried with CaC%2 and diatied In a Cl2 atmosphare (176).
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Solubility%
B. alcohol; i. H20, ether (195).

[Flanimabfl~ttys

Spontaneously flammable (226).

CACODIiL FUJORIDE

Mol. Wt. Fu4rJlulu

123.94 (C2- 3)2 As'

Liquid - colorless (unbearable

repulsive odor) (175)

'&Aubillty
i. H 2 0 (ap1qrentiy ,i j".t)I b; it) (17(j)

liAndlingi
Corrosive to glass, ke.,.p in V,.UItIu.i c•'ou.aiuer (176).

Flamtnability.

Spontaneouuly flaiunlahi,: ,*'j7i,

CACOD'YL. IODIDE

Mol. Wt. a 1('kuLAI

231.89 (t-l 4)2 A•d

_M.P.___i? Bnha ctc i~cuB.P.s
-35"C (solidification liquid (103)1 yellow oil (46) 154-15SC (103)

peoint) (176)

Synthesist
(1) Aqueuus solutioho I ' ,c.1 1 li,' '' iw til im.h is saturated with 502; add 11 HCI from time to time.
Cacodyl iodide separawn. -:1 :;, 1 llow oil; (2) Methyl diiodoarstue and methyl iodide are permitted to

react In alcohol conceutrat Ud ALJLWV1UU c; ,stR soda solutlU0 over night, solvent is disilled off, the
residue is acidified with iIC) aid -thiurat(,d So2; (3) Cacodyl chloride is gradually added to a solutim

of sodium iodide In dry :,,'1.rn- irid the rustmiLiug solution permitted to sand foir sveral hotua in a
CO2 atmol.plox,1c`4 f'1- -id d-sIll iff a.:cvttm from filtate, take residue up with ether, remove the

solvent from the eari.Lcl by dlulllatiuron tnd recify residuL in CO2 atmosphere (176).

Solubllit-t

ri 1. H 2 0 (176); s. organic soiveut (103).

Flammnabilitys

Spontaneously flammable (227).
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DRETHYL ARSINE I
Mol. Wt . I Formulas
105.99 (CH92Ad A

d./sp. gr.a Characteristics V.P..
1.2129 (79) Liquid - colorless (226) 1.21320 (226)

1.21025

D.P.$
35. 6-37.OOC (226)

Toxicitys
High (195).

Svnthesiss
Add concentrated HCl slowly to a round bottom flask Containing zinc dust, cacodyl oxide and

alcohol. The generator is joined in series with an H2 0 wash battle, a U-tube filled with soda lime,
a bulk condenser for dlmethyl arsine surrounded with ice and salt and 2 wash bottles (H2S0 4 and
HNOB). [(CH3)2As1kO + H2 -+ (C 3 )2 AS.As(CH 3)2 + H2 01 (CH 3 )2 A.As (CH 3)2 + H2 -o 2(CH 3) 2 AsH
(176).

Solubllitys
a. organic solvent (226); 00 alcohol, ether, chloroform, carbon disalfide, acetic acid (79).

FlammabilUly
Spontaneously flammable (226).

CACODYL CYANIE

Mol. Wt. s Formulej
131.01 (CH)ZAsCN

M.P.S Characteristcs B.P..
33"C (79) Powder - lutrous 140"C (79)

colorless (79)

Toxicity3
High (withsllght amount In air)l on inhalation causes numbness c exremities, giddiness, stupor and

uncoinsoumeu (no prolonged after effects) (176).

Synthess
(1) L(CH*)Aa1 2o + 2HCN distill ) 2(CH 3 )2 AsCMI + 1420 (contaminant of L(CH3 )2AIV hard to

remove) (176)
(2) [(Clg 2 As 2o ÷ Hg(CN) 2 -4 2(CH.),AsCN + Ig(176)
(3) (CH 3 )2 AsjhO + (dry with 5 times calculated amount) HCN Ae t (Cl3)AsCN (use CO2

ctmeat to remove excess HCN) (176)

Solubiltyi
sI. s. cold H2 0 s. alcohol, ether (79)
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S•- il uarable (2;27).

METHYLrEIYLiT cOARSII

Mol. Wt. I Formul_
245-.6 (c..)(C2HL)A-u

Ouracterlaic B.P.S
Liquid - yellow oil (176) 65F (176)

Synthesu
Reflux aqueous caustic alkaline solution of ethylalflodoarslne for a few hoam with CH31, the solution

is then neutaUzed, freed from alcohol, acidifled with HCI and finally satu•ated with S02 (176).

Uniqu. conditions, reaction groduc8t
Slight decomposition on boiling (176).

Flarnmabllltii

Occasionally ignltes spontaneously at ordlnary temperatures (176).

ETHYL METHYL ARSINE

Mol. Wt.I Formulas B.P."
119.95 HAS(CHAXýCHs) 71C (S2)

Flammabilltys

Ignites spontaneously in air (52).

ARSV41C TP3S(ETHYL

Mol.- Wt.I Fortulah
1200.3 AmCH 3) Trimed•y Iurdue

M.P..s Characteristics Y.4.1
-87.3-C (103) Liquid - colorless 4.14 (195)

d./sp. ri .9 Surfacete.n

"1.12422 (104 (03) 20.4 dys/cxn (at 20C) (103).•. z~z (1•,)1.4541-'03

synthesix
(1) distill tetamumthyl arsaium iodide (or Its double salt) with solid KC•i (2) d•still thyl maguesium
iodide and arsenic tribhmida in other soluti1nj (3) d1041 zinc dimoethyl and amnak ichloz•ial at
(4) heat crude cacodyl for 2 hours at 340"C In a sealed tube filled with CO2 (176).

Solubilityl
&I. s. H2 0 (103)
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Thermodynamic propertiae
beat of combulions 5510.2-5576.4 cal/ 9
enthalpy of combustions 664.6 ± 1.2 kcal/mol (114)
enthalpy of formations (llq) 3. 5 kcal/mol; (gas) 10. 0 kcal/mol J
heat of vaporizatons 66N0 cal/mol (103)

Fl~amzaabi__llt

Flames spontaneously In ait (143)

DIEThYL ARSINE

Mol. Wt. I Frmula

134.0S (C2 Hs)AsH

d.!Lp. qr. i Characterlstica B.P.2

1. 3Ai4 (226) Liquid - coioress (226) 105 96.5---6. (29 6

.2.1

1.4709 (226)

Solubility,
H. H20 (226)

Flanimabllitys
Spontaneously flammab'e (226)

DIMETHYL ALLYL ARSINE

Mol. Wt.- Foniul._
87.93 H2'c. -0C-2 -As-(CH3)2

Caaractaristica B.P...
Liquid - pale yellow (176). 108-110-C (52)

From dimpthyl arsine and allyl iodide (J76).

Unique conditUion reaction products
With btmizne In ether solution ylelds the corresponding arin dlbro/dde (176).

Flammabili
Ilntes in air and an filter paper (52)

ARSENIC TRIETHYL

MC. Wt., Fomnuhu SyInoy . ,r
162.11 A(C.2H 5 )3  Triethyl amuine
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d.

I. W40(103) -u - colles (103) 1536. S - 37 (103)

B. P. . 20 . d.-...&

25 Surface tendons

Hl,(195)

(1) react arsenic tclchloride with azlc dtathyl; (2) distil tatraethylarsealum Iodide (or its double salt)

and (C2 Hs)4 AIl. A81 3 with solid cautic potash (176).

Solub3litci
I. 14201co alcohol ether (103)

Ilhermodynamic Rcopeitien
heat of combustions 7129 ;k 13 cal/9 "

enthalpy/of combuttioin 1158.2 * 2.0 kOcal/wol (114)

enthalpy of formations (ga) 13.4 izcal/moli (•q•J 3. 1 koal/tol

Flammabilitt
Spontaneoudy flammable in air (143).

CACODYL

Mol. Wt. I Formulas Synonymst
209.94 43)2 AsAs(C-1 3 )2  Tetramethyl dlaruine

Diarsanic tetanethyl
M. P._ Chamcteristicss Dimethylauine
-5"C (79) Liquid - oily yellow (79) Dlcacodyl

Totaxnethytdlarvyl
d./sEp. gr.I B.P...
1.44715 (79) 163760 (79)

Very high (195).

(I) heat cacodyl chloride with zinc at 90-I00'C in COg atmsnphe~ e
(2) reduce cacodylic acid and HCI solution with hypophosphoeus acid (176)
(3) reduce cvco,'yllc acid and 3NH2 S0 4 solution by electrolytic means

Unique conditions, reaction Proprtiem
U heated to decomposition emits asenic fumes (195); flames spontaneously in chlorine (176)
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I

Ignition tesn eV~tawres

A. Alcohol, ether (69).

Flauim,,a~bili.¥l

Spcstxneously flammable in dry air -(09)

CACCOYL DIOXIDE

Formulas
[(C:.IdhAS 2O2 Uquid (195)

Decomposes with heat to yield arsenic fumes (195).

Flarmmabllltyi

Spoutuneously flammabic (195).

CACODYL SULFIDE

hfrl. Wt., Formula Svnonymn
242.05 1(CH 3) 2 A8] 2 S Tetramethyl diardnthiane

BiAdimethylarsne sulfide
M.P... Chamcteriswico Dicacodyl sulfide

< -40"C (195) Liquid - oily (79)

B. P._ I
211C (79)

(1) Pas H2 S thiugh a coacentrated alcoholic solution of cacodylic acid; (2) DIstil cacoeyl chloride
with boron hydrosulfidei (3) fest 2 moles dimethyl ardae with les than 1 mole sulfur In a sealed tube
and alloir to stand 2-3 days (176).

Unique coadltions. 1vactoa vwoduct"
If heated to decompoition Jit emift toxic arsenic and sulur fumes (195).

Solubilit"
al, s. H2 01 s. alcohol, ether (79)

Flammabilityt
Ilgntes sponaseously In all (195).

TETRAMETHYL DIARSINE

Mol. Wt. I or
266.07 (C2HS) 2A, 2(C2 HS)Z
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1.2. (26 Liquid (226) iRV-19&tC (22?ý)

n25

Snthesig

Mix sodium aetunide with for to five timeo its weight of quartz sand and Pofllu with ethyl iodide in an
atmosphere of CO., let the reatt/on finih and cool; extract with ether in CO2 aim.iopepe and mix ex-
tract with absolute alcohol (176).

I. H201 s. alcohol, ether (226)

Flammabily

Spoutaneously flammable (226).

PHENYL CACCDYL

Mol. Wt, I Fnciu Snaaym
458 (WCjhs)2 As. As(C 6 H5 )2  TetmphsUyl diassine

M. P.& Charackeriiica
200 (103) rystal (103)

Synthesis
(1) Reflux alcohlifc diphenylaradneo.ide with an exciau of phosphorour acidl (2) Hiea alcohalk.

diphenylarsenic acid with a iauge ex"e. of -e reducing agent In a sealed tube far 10 hours at 100"C;
(3) Stir diphenylchloroazeine with phorOd.orvux acid at IOOC (176).

Solubilltyt
a. ethanol; &I. s. ethanone (103)

Flammablityvi
Spontaneously flammable (50).

ETHYL BORON DICHLOWIDE

Mol. Wt. g Formulas B.P.s

110.71 C Hs0C 1o 7)

SvUtiinal
Heat triethylburiine and boron trichlolde for 4 houri at 2C0C (204);

(C 2 Hs)3B + BC13 - CZHSBC12 + tC2 HS)2 BCI (206-207)

MUIikax and hadustuia3 me
Prepazation of borazales (706-207)

Flamnmability&
Spontaneously flammable (204).
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~~. ~~.., ~TR~wIErlIL BORON tlity

55.92 B(cl13 )3  Triw-ethyl borine

___ ________Borni dmethyl

*-I53161,5 (226) Gas - Colorless (79)

B.P.s V. P. I
-6- a(226) -W0C (226) W (226)

*1.9108 32-60

A grigasard reaction of (Mg +n-butyl ether + Cli3 1r)tekee 6 hours for completion in an oxygen free
nitrogen atmosphere, bubble nitrogen through the subsequent reaction, add Dl'3 dropwlse at -78*C,
warm n to7WC1 in 2 hours the produtt condenses in cold traps. Purify product by high vacuumn distillation
at 7CrC. Trap In receiver at -124'C at subsitute ethyl ether for a-butyl ether and add BF3 in form of
diethyl etherate cc bubble Antoi grignard solution as a gas. Keep H2 S04 present between the condenser
and this traps to absorb any other present In product gas (80).

5'ubilitys
s. organkc solvent; d. &ft (226)

Thaniodynamic twonurtlea
heat cd vaporimlioi 5. 7 kcal/mol (226)

heat of cambvAions 23, 000 ktu/lb (2.26

Flammobilitys
Spont-ne~usdy flammable (226).

BUTYL BQCRC4 DICHLORDE

Mol. Wt-$ F~ormulas

138.84 C4 119C12

Characteristics B.P.s

Liquid (10 3) 3110 (204)

§Ynthesi
Hni~t 14 males of tributylborine for 20 houm at 200*C with . 31 moles of borine trichlodide (204)

(n -C4HY) 3 B +0 25C 3 -4 3C4 HpBCI (2,08).

Spontaneously flammable (204).
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4J'I MI. BOK(A-r DWLUCIALWE

Mot. Wt.~ .~
10S.84 C42YtF2 3

Heat tWbutylboxliie gjuI J~k~nyi ,;Cjto.iao for~ 24 horje ;At: 20(VC and 20 hours at 205*C (204).

Not pyrophoric but fovrni- %Lvowliy in air (204).

-~34.6 C 13).~ RAMON (103)E

M(C2H)I. Wt.a i
IU.4 )uIuloool

9 ~ o~ub___
-34. -13

s. organic molvenf*; 1j 1-1,0 03

heat of vapodra~ion. 7.9 kxal~/rwl (JC3,

Spontaneourly fl&,anmi )'

TIviul. Wt. I x.I~

132.45 1214".11

M. P.u IJj' Dc. .P.$
~.125*C (2- 6) 7;v'J4' - '4(22G" 12-C (226

848'__ ('126)

SpQ.tanenvaly fli1:'u j isy
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kI
TRIETHYL BORINE

MO.Wt Formulsa §Xn~nm
9S.00 B(C2H5)3  Boron triethyl

Triethyl baron

-9C(26 P.i -clols (226)

W-I22 )D 26 (226)

3. P.8 vlscositvs

Add an a-b~tyl other solution Of W3~ dropwise to a solulion of C2HSMgBr i~n-butyl ether, after te
treactio is com pleted the product is distilled at 95C under N2 3)

Uagque c ondtin reactIon products
Emits toxic fumes when heated to decompositlou (195).

Sojubilityt
a. usgasc solvemts. d. air (226).

Thotegduamlc proportion
beat of combuinoati 21,9 fJODIu/lb (226).

Military and lndads ial ea
Igniter for rocket Neues (186); Igniter Id capsade flame thrower (99).

Flammiabilityi
Ignites spontaneousy at partial pressures below I mm at O*C (226); spontaneously flammable in

air (Z37).

DDIJTYL DORGI OIOP.DfL

Mob. Wt. I Formulas synonym"s
160. SC (C4 H9)BCl Dibityl chloroborina

Qsavacterlstica SF.;.

Uquld - calo,1.ou (103) 5410 (210)

Redigdstribui on t Zole of tributylisozlne with on* md.1a of boron trichioride (2 G).

a. oegnic alvani d. H20 (¶03)

Th9.nxgAr~mi xOoertis"
heat of foemation (gocie -98. 1 1 2 hoal/mol (714)

heat of formation (llq)s -110 1 1. 6 kcaI/mol (714)

1~ _ _ __ _ _ __ _ _ _ _



Miia aw Inuralue

Used in preparation of several borlintem (210).

Flammoblt
Spontaneously flwmmablw (210).

Mel. Wt.* pomnulas
14D.1I (C3H7)3B

M.P.a 1aatrii~ ~~
-S2. 5-C (103) lI~qw - colorie. (193) 157M0 (I95)

d./sp. atm *22.8

.725(195) Ek (71)

I i. H20; s. ether (195)

Fhinmab~jty
Spontaneously flammable (247),

Mol. Wt-.I Formulas
144-02 CGllS3(ok) 4

llqwt -coowlew(22 1135417 (226)

Solublioyt
s. organic bolvenr4 d. air (226)

Flamniabllti(2)
Spontaneously flammable (2)

~ Th1-.n-3UTYIS3RANI

-WL~t. Formula
~~I I 2. 16 (CAH) 3A

MP.IB.P.s V.P.s
-34-C (190) 17022 (190) Wi~('90)U. /sp or.74725 (190) y- 2 5 l)



fAuh poim -32*r pool

1, H20; I- MaeO CrvanJk faiato (190)

She., ~ ~ ~ "' badrciunLueal witsoqia*m OWr KWto~ge or mapma) *am in dry veneUated romat
so=m tomparaetm. (130)

hast d zapo tim (at 2rc). 2110i 1 lhoal/mol
heat of formastiom (at 25'C) (Uq) -94 kca1/maI(14
heat of famatifa (at 25'C) (g4Lo)s -81I kcai/moi

lahid oxldatilt in abi winll wnte spnew-nWy if sppd amr a lug. area (101).

(WME~Y SD.Y) AMINO DUOLAMI

8481(B 2 HS)N(CH 3 JXSlH 3) 51-C (226)

14.P..I avc t-=UtlCA V.P.8
3u.WC (226) LiquW - c.i.,1.. (226) 820 (226)

I- agamic aciveabi d. H120, air (221)

Than. crmmic @vzexla
heat ci vaporirotic. (at WC). 7716 cal/mol (226)

SPmaONSmwly flamma~ble (226).

w -. Wt -a Faml.
105.11 (CHS)2N12 114 0

LUquid(10) 6.5 (103)

*h (103)

a -mf*Yl derivative of 52147N (29)
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v. otgantic salventi d. H2 0, als (103)

Flammabilltys
Spontaneously flammable (29)

1, 1,2-ThDVfIHYLDDORAM41

MOl. Wt. I Fomnulas
69.75 B2K3(CH3)3  I

__2r (79) 79

Uydd - comlor (79

Satublitvi
s. cganlW aolvenit & H20, ak (103)

71azzeft~amkc wcimiemte
heat d combibtion 24, 000 Dbx/lb (202)

heat of vaporhatlaw 7.0 hcaI/mol (103)

* ~Spcstaneouuly flummable (202).

TntRAMrTKII DOGRA14L

TRZTHYLDEcMNLMEIu-

111.82(C 2H6)332H3

Liquid -C~dCwlU (226) ~ 6

S. cs~anic solvents (226)

Spontaneously flammable (226)

N-MMrli N, N-US1S(D3YII~IU C)lhMD

idol. Wt. IFrml
166.32 ((CZW~)2NCH3

charaotbav~ces .

Liya" (209) 4ir- 6 (M0)
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Diethylbowon chlorie reacts with I mole monomethylsunine using ttiethylaknine in excem as an
HCI acceptor (205); (C2H~hbCl + a13NH2 + (C2H8 )3N --> ((C.4HS) 2B)2N01'3 + (C2 H 5)3NHCI (209)

Flawuziabilitys
* Spontaeousoly flammable (205).

T1rMABUTYL DDOPMIYL OXY97WMN

MCI. Wt..2 Formulae
310.14 (C4  3)2OCH 2CH2(ý(C4H,) 2

d.sS.Ciartcteristici V.P.S
.@26625 (226) Liquid - colorless (226) 1144

10168-10 (226)
D.2 (26 1133-134

1.4343

U
2

S
Do (226)

1.4323

Flammnability;
Spowtaneously flammable (226).

ThICHLOROTRDMFIHYLOORAZOLZ

MCI. Wt. I Formulae
22S.94 B3N3Cl3(CH3) 3  NN'W'-Trimethyilkichlorocyl-

trlborazins
M. P.$ Charaotdterics
150-C (210) Cryntal - colorless (210)

Reactina of motaylamlne -boron trichlcride complex with triethylamline in toluene'9ivul .. bout
W0% tizc'.1rotrimethyiborwole (210).

Unigusi conditions, reaction vooductse
Reacts violently with water (not pyrophoric) (2W1).

HIF-2 (ALK'YLATr PENTABORANE)

Mal. We.: Iomua__nny
91.12 C2H5RBfl1  Ithyl pezataborane

Tasicitys
Hlighly toxic on inhalation, ingeitlon, and akin or eye contact (147).

1SO



Reacts slowly with S 20 to yield hydropsml matnef viQlentlY Withacdi(i)

scolubiltv,

i. H20; 5. hydocazbom tush, hulogenation hydrocabom blobs (y flow e*.maiy &a*1 Sawti~ve

mixtures) (149)

Spontaaaotoy flmumabJos (149).

M04. Wt. Isaa

Suiblmes 2W0C (226) eies-wte(21(26

Toxilty I

High (195)

Systiedw

*(1) (CH32H+Be+ U (03)25I +.1 (110)
(2) C42So[O(C2H6)2j 2 + 2CH3MOX -)ý (O1~y2. + dX2 + MgCh2 (110)

Evornla dee him fa Inrg msoeimst ab(110)

Solauability

Spmtwtamely flsmmable in molst air (110).

Rol. Wt I Faamul
67.14 hG(C2115 ) (extrapolated) 194'C (224)

Ui P-1 Chmoaxisctir~comu
-IVC to -l1'C (226) Liquid - colorieu (224) d. 03-03 (26)
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SolublIM3y

s. argon' solysali (226)

Flammabllkit
Spostimseously flaumable (27).

DBSMCIP'RBZYL~LLEJM

95.19 (C3H7)2

-9. rc (103) Liquid - calc1eas (103) d. 0~cl

_____________________________________(extrapolaste4280rC (103)

~Iim cnl sw eaction- zgaducto 4)
Fumes an .xpeona to six but does no* cach fire, explosive reaction with H2 0(4)

d. air, H3O a. axgganic solvenats (103).

DISMUTH Z7Hfl CWRVE

bw. Wft. I FaaCarseadmttlici
274.5 BIHCZHSCI Powder (195)

Fls~mmablltv
Spontaneously fiammable (195).

2". 10 BgCH~1(03)3 raeybim de

2.018 )Liquaid - coloressa (115) 1 100C (195)

TOXI~t
(1) Mobh (inumasm aroi and 015 depreusioma prolonged expowe cams ancepbaopathy simlar to
.apaIC lead campowAd. (195).

Uion~w coadliom&ua igactim mnodut
Ractions of methyl mapsedan. Iodide sawl binasah cliedde (38).

T~modvamic Oyreawe
Meal of fSma&M (Ilw +37. 5 kcal/moi '

bWs of lusmada (V4a 45. 8 b.JWMoZ (114)
beatolvaparistiawm *6.0Ok1.7"maIol
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b. ww awl
'arMAIWHCHOM

M0ol. WC
13.47 (%* C

Frma ethylatim of himuth chlod" wft tbtastbyl lead (36). -

I Spostameousy Iflammble (39).

290.14 (CH3ICH) 351 158. j7m (242)

S. 2gaic olentl i Io (242)

Spmfm y flamm-abla (242).

Tmu~m snMXR
idol. Wt. I

254.09 DA(C2HS)3

107'C (52) Uqui (in (xs9~) 79107 (105)

2.30018 (79) 1ll0c (70)

s, dah&~w, other; i. H2 0 (71)

* The uineodvammic wgýit~Mr
hoatofvapodzatomi 118S5.1a2.lkval/mcl
heat of foam ado (gas 50.1 kaml(114)
hest of form &do= (gas) 40.1 -Ikculmol

Flammabli~tys
Spmdaueow~y flaimabea (52).
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DIMETHYL CDF

Mol. Wt-s Farmulai

Mid arzcterhuca B.P.1

-2. 56C (226) Liquid - cokwlas (226) 105. S*C (226)

d./ 18 minc ref actiom
(226)(226 12.41 (226)

d. Hfsj s. ar~anlc solvent; (226)

710unhBat a8'C (226
heat of cambustions 3330 1 20 caJ/g (114)

ex~apy of camibuaoi 475.7 12.,'krullmol (114)
e*&&Tyyof iematlou(liq) 18.9 kcatl/moi;(gui)27.8 hcaimai (114)

Spontaneously flammahla (226).

DZE7hYL CADN"J

170.5 (C2HS) 2Cd

M.P.$ Ch~auCtafleica X.P. I
21-C (79) Liquid - oil (73) 19-564 (103)

d sa.B.P.u '18 (13
1-63W (73) 60C (73) D 13

C2HS& + Mig -~C 2 HSMgpn 2C2Hbigib + CdJ'2 -- C(C 2 H Sh + 2MONz (80)

Uniona condft~oma mactica vroducts
Fum~es explosively in air, whit, and then brown clouds appear with detonuimfa (8O).

d. H90 (79)1 a. argamic adfvents (103)

ThennOdvualmic properties
heast o( combinim 481 :k S cal/g
eanulpy ef camibuslom M00.0 & .8 lial/m ) (114)
eathualp of termu aioa (LIQi 2 1. 6 (gas) 3 1. 0 kcai/niol

Military and WgdIS*I mom
M7U podaauictt ayudaeala of ketones fron acid chlorides (190).
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1368 8 T(lS _ _RESDIATE

S •Ch atu lttri,,•,

power- rd wm (195)o
(1)1 (crude) fnSe rei wit., ; ba~lto w compound "

(2) mix sodium ollIte an a cobalt saltI Ju an aqueous icutiot (214ý .

K 1.H2 0 (195)
+Mlitafy and 1nmdu/ m uJ

Drier L pmctlve coatings (214)

Spontaneously flam-mable (195).

METHYL CMut

Mol. Wt. I Formulas
78.SO CH3 CU

characterbagci

V ~Ga (226)

Sviidiesiss
Mix methyl lithIum nW lcuprous iodide at -15'C, yeilov, solid separates which decomposes In bolling

iIt ether to yidd a famation of metallic copper, methanse, and ethlue appear*ng to be methyl copper

Solubilitya
a. etdr (226)

FlamznablI
Expladeo violent-I when allowed to dry In dar (40).

¶'TUDAETHYL GALLIUML

Mol. Wt. I Formulas B.P.1

114.8G•.(CH 3 )3 S. 7"C (255)

M. P.: Charactezstica Y, -?

d-5.5"C (226) Liquid - colores (226) 64. 50 (PN;?

d./mu. grtaj ~ ~1. 131 A AW4S (120)15
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Svudwaslu
2G& + &t(CH3)2 -*2Ca(CH3).3 + 311g (80)

d. H120; I. tthfk, ammonla (226).

ji hermodyna~mic g0ou.,tt.N
11414of formation 17.6 kca!/moi (120)
mrean hoat of ccubustiou (Ga(CH-3)3 (Uq) + C02 -~C62O3 (cilytal) + 3C02~ + 4JH20 (149#s
0089.3 caI/g (with mean deviation of .24% cc 791I.0 kCal/niol at 25,C and conftant pressure, "Wali
tica! uncertabaty Is A 1. 7kcsl/moi) (120).

Spontaneoutly flammable, (226).

TRIETH~YL GALIU.NM

Mol. Wt.: I 92Mu-La
156.91 G`(C2115) 3

-u-.rc (52) Liqui - clorless (79)J D.P.$
I1.05763D (79) 142. WC (52)

d. cold H120; A. ether (79)

Flainmabill,
Ignites In airx with purple nlame and brown sanke (52).

TETRAMETHYL DIGAILLRE

MCI. Wt-t Formulas B. P.s199.58 (CH-3)ZGaG&(C~ij) 172*C (extr~apolated) (226)

Qu~acterisficas V.P..

Liquid - coaroeaa (226) 50013 (w2t )

Flainmabllityi
Spontaneousy flammable (226).

mPft lmnu INDIUM

Mo!. wt. I Formu
159.93 hI(CH 3j3  I& ehlt
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98 * (226) crysw(26)

d./w. ar.i .s
1.56810 (2206) 7.srC(2W

72 70 (226) -

a. organic pulymeral d. H-20, air (226)

TR2THlM DIDB.M

Mol. Wt. 4 Foslmiuas
202.40 (CpH5) 31n

-32-C (226) Liquid - calvre.te (226)

1. 53820 (226) 144-C (2R6)

Solubility,
d. H2 0, airls organic golvesais (226)

'I Spontaneously flammable In aiv (226).

k TRIFIROP DONDEAh

Mol. VAt. a Formulai
244-10 (C3H7)3h

M.P.$ rbaractexiodca

5C(226) Liqadd - colagleAs (226)

1. 501 (226)178-C (226)

s. osganic solvental d. H2 0, air (226)

FlAmmability
Spontaneously flammable (226).

POTASSIUM N1rMdEhMMANE

MCI. Wt. a Forcmulas
99.20 KCHZN0 2
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Uniq ue 4oditions. resctiou prodct
Na or K salts of nitramethae exploded when dry salt was Ulohtan4.wJ /tL a =(A1 1120 1143).

TETRAACET1M NICAJI 7T. rAPOTASSUM

Mo, Wt.:.
276.13 (103) Lft1(OCICH)41

Characteristics

Red (103)

Flawmabilitys
Spomtmalsoy flammable (103).

_ M ETYL LfIJM

Mol. Wt. I F~xMUIV*

21.96 •131,

Characteristicm

So()d (22)

Re.ct lithium metal &W methyl clorid e in anhydrous atr or dimethyl mercury with ethyl
Ulth(Wm ( roduct) [2UC2 Hs +Hq(CH3) -- 2UC, +-(C2HS)2(184).

Flammebllty
Spntanaeously flammable (226).

36-00 IC2H--- e1hyl

M.P......$ QImmctmwlwc V.P._..•
9S-C (103t) Tablets - colorless (103) o00tS70 (103)

sublimes (103)

s. organic solvents (103)

Fhanmabiltl
Spontaneously flammable (50).

ISi



N-PRO'Y LrrHIBM

idol. Wt.: Formuleas
50.04 LC3H7

LLiquid -calorlau (103) -.000550 (103

Flainmablki
SpM~tAneo"ua fb=,annable (50).

Mci. Wt..IFMM1

Sublimes at 80-100C Liquid - calwLass (103) .000486
(in vacuo) .010(103)

or.$ IawC (73)
.68 - .70 (190)

SyntheUCM ail kin contact (81). wt tlclie(3)

Sthem mnd 33o1/o

Folambilityl

dipol spntamaeamylntaair .20% (103)Ijypadrlaiehaidt vr70;cme

tratlow above 25%6 geneamly pvaprrudinc under any sangea bid hmidty (13B).

LnuHZmmTIshacrmE 3MATE

Ma._t- Farmulas

36.77 UJ(CH3)4B



ReaCt MeUlyj ULUum &Ws nmeUUAYzuAal n. -

Unique codiltioug. reaction productst
Stable In very dry iii (45).

s. etber (48).

FlanunablAhW -

May ignite sponaof . uly ek mdt i (48).

Mci. Wt.uI Farmnula
84.00 C6H5LI

Syntfuesi
(1) (C6HS)4Pb + 4C4HgLi -4 (C4H9)4;' + 4CfH5L1 (184)

'2) (C6H5 )3 Sb + 3C2HSIU -ý 3C6H5LA + (C21-1) 3Sb (184)

Flammabliy
Spontaneously flammable I5O).

MEIHYLDIK OILZTIMM

M&l. Wt- I Forulat

27.91 ULIC2JJ

dharacterillics
Solid - brown (226)

SClublttv
d. 1420, air; i. alcohol (226)

Flammability
Spontaneously Mlmmable inaeir (226).

MEWHYLENE MAQIESNJM

M4ol. Wt- I Formulas

38.35 MgCH 2

Solid - rust colored,

amorphous (226)

160



(CH*wal -250-C (33)

d, lizO, aitj I. organaic solvents (226)

Flammabilityl

Sp~t&MsOualy flammable (34).

Mol4. Wt. I Ikwmulas
82.90 Mg(CiH3)

____1 Oaarcterw~cw 3.P .8

d.0C (226) qudW (226)emeztie d.2190 (226)

PeitadbyatoofMonH(ll) nether (132).

Spoentaneious ihF 2 ,aemoroiiigiaeiaa(9~ ptnoly flammable (34

Solub Wt. I Fr

Prcpaitated by flmabtio ofX n kaf 21,2Inohr (1 32)

Mol. WltimFriua

s. ethe J1121

Flammailit4

Spnaeul lmal nar(9)



M.P. OiaractedsticaI
4. 2WTC (236) Crysta (226)

s. ether (226)

Spantansowaly flammable (226).

MAQIESIJM DOHRMY

Mol. Wt. I Fosmulus
179.5 Mg(CGHS)

M. P.$ hamractinristica
d. 28DOC (132) Cristals - feathery

Syntheula
Action of Mg on Hg(CGHS)2 (132)

UJnqiwe coaditliM reaction gEMRdut
Vloaent reaction In H120 or steam (195).

FlemmablUtin
Spontaneouuly flammable in molet (not dry) air (195).

.1 Mol.Wt~~a Fw Mul HY (24) NrGANES NE :.,

Mo!. Wt. I FarmulssB..

185. 1C~3 i [C1) Mnjn(2 5H) 2 4C(26

S.Pm haaceuutca__
I.2 eter s.3 (226) Crytal -) umber,3)3 (245)S1O.~(26



glco :intylohratraxteprtueI w bsc * xpZ olwe yds eoa of the

solvent adsu&blimation at 13?C and 10-4 m.4 yed(8)

* ~ Uiu conditions.rato od&toc

Liberates cycIoentadlana anid angamese dioxide or UA salt an meacalcm with H20,p aquemas banse

at acIds (184).

Solubilitys
al .CSZ, CC14. chlaoroom (slow reactlon)l modezataly a. beowmae, edies, c; Juobameoo

very s. Wridize, tetrahydrofluasld (184)

"Therodynamic vropoeutien
heat of fumions 6.3 hoal/mol
specific cooductivityt 1.4 x 10 (NH 3) (at -33C) (226).
beat of vaporisatioal 12.0 kcal/wol
heat of ffbliinations 17.3 kcal/mai

Used in gas plating of heated susfacea In a vacuumn (921

Flanimabla~tii

Spontaneously flawmable (226).

Mot. Wt. Iar~
83.3 NaCH2 NO2

Unique conditions. reaction producess
Na or K salts of mltrnmethan exploded when dry salt was moistened with a litle H2O (143).

hMTfL W3V~M

Mol. Wt. I Formla
38.00 HN

____ Oaarrcterlstics
ZOOC (226) Solid (226)

Solubilityi

I. organic; d. &It, H2 0 (226)

Spontaneously flammble CA26).
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P 1

SCJINM MITI MYATE

4ol•.Wt. Formulu
54.03 OjI3 CN&

d. /p. or.m Chamcteritics
4.6 lbulgal (132) Powder - white (132).

d. - Ho (132).

Military and Industrial Has
O'lianic synthuais (132)

Flawmabilitys
SpOutaneoWuy flaMMInble In molo air (143).

S•DIM ACETATE

Mol. Wt. I
62.03 CHSC(O)ONs

M. P.� Carctriptico
324"C (195) C7ta - white (19s)

d,/ip, at•,

.S28(195) am1.464

d... alcohol; S. H-O, organic polymev; I. organic solvents (79)

MMtLtr &AN indUftda Upest
Buffer in photography, modant in dyeing (132).

Posible vpoutandou flammability in moist air or 1-20 (27)

ETHYL sDIJM

Mol - Wt. I
52.00 NaC2H5

M4. r....., ICharcteritc

Decomipsecs (221) Cyt - white (226)

d. H2O, alcohol, other, sirl i. wganic; s. diathyl zinc (224)
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Ia

Flammabilitys
Spontaicusoly flammable (226)

61 Mol. Wt.$

M.P.m magitc
Deamconposa (164) Powder - whIt. (152)

a.ether (184)j

Flenimablflty
Spontannacwly flammable (SO)

Mol. Wt. I Formulas

k48.03 C1H^

B.P-2 Characterlicatip..
2r'C (226) Gas - crormla. (103) 1. 7if (103)

Toxicityi
Highly toxic ca Inhalatio. (195).

UdAque conditionS, reaction iKWoduct
Fosmn fairly volatile crystalline salt wfth HCI and HI (231).

Solubility&
@I. d. H2 0O, alacdoll a. other (103)

Flammabilitys
Spontancoumly flammable (95).

Mol. Wt. I Formulas V, P.I
62.05s (CHAPH i10ý7 (26

d~~gL~s Caarcteristicu SF
<a (195) LiquWd - colceless (226) 2S-C (226)

V. d. a
2.14 (105)
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fI

Tokicity,
High om Ingestion and/or Inhilation (195)

Solubility$
a. organic solvents; d. air (226)

Flammability
Spomtamoudy flammable In air (195)

TRIMETHYL P-IOSHIME

Mol. Wt. I Formulas

76.03 P(CH3)3

M.P.$s Caaracterialic
-85.rC (103) Liquid .cood-u (79)

_.P..

<1 (79) 4-..C.C (79)

Toxicit"'~ 26
Vapmof bunn a s hihlty toxic (246)

CamWbe FC13 imd a-lrg and di-n--butyl etber,then dislIl phosphim quietly fom the mixture In

dry N2 ajmoephers following diAlltatio. of the athed uus of dry-oxygen-kee atmos In preparation

Isetuantal (246)

i. HýOJ S. other (79)

Thenmody"aic iopeatlee
heat a( vpodtimon 6.92 kcal/nUol (103)

heat of combuicomw 1004* 11 cal/g }
enthalpy of combustion; 763.2 1 kcal/mol (114)

enthalpy of foonntowm(Uq) -3. I kcal/mol; (gua) -2j.2 bal/m

Flammabililty
Bumr viole•t•y in the air (246).

DWTHYL PHOSM4-NE

Mol. Wtd, IFCmulu B.P.S

90.1 s(C 2 HS)2PH 85C (195)

d.I Is. a. s Chawmctecistica V.d.s

<1 (195) Liquid - colorlou (103) 3.11 (195)

ToxicMiy(
High on ingeiosao or Inhalation (195)16
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s. organic twlvantm (103)

Flamm~aoudyt flmmabla in airx (195).

TRhPWORCMETHYL PHOMM :AI
MCI. Wt.: Fomnlu
102.00 (226) F3CFI12 j

gam (226) -25.5-C (226)

ii ~F~mamibAUty
Spontaneously 1flaorable (226)

Mol. Wt.uI F - ulwjL j204.~ (73C2"U

V ULqud - coloelsu t10 3) 2 1-C (7'W)

d. H-20 (79), &)aJULns solvents (103); s. owpanic polywueu (103)

Spontmaeouswy flammable (79).

Mol. Wt-* F2,mula

(CF3C)2PCH

Mo!. 518I-U 1fL.UORCMAETHV CYA)NCPW0Si'H

_____Wt-$ Fosuiulal

. . .. --...-



.(7) Liquid - colorless (79) 48C (79)

'• Solubilty:

s. osgank polyme•rs I. H2 0 (103).

.Spontanmously flammable (79)

TRIS-TRhLFIJIOOMET L FHOSPHI-I

Mot. Wt.I Formullu
238.01 (225) (CF0) 3 P

Characteristc: B. P. I
Uquid - colorless (226) 17. rC (22

Solub"Utit1
d. H2 01 s. orgamc polymers (226)

Themodynamic iiapertien
heat of vaporliztionx 5890 cal/mol (226)

Ilanmmabilitv
Spontaneously flammable (79)

TRW3UTYL PHOSPHWE

MCI. Wt. I Formui._
202.32 PE4H9J3

F_. P.. B.P.t V.P.I
-. 0' to•,S°C (190) 24S'C (190) S0126 (103)

d./Ip grO 25

.8•002S(19) (190)
4 1.4588

ignUitin temperatures
flash ponu VOC
fire points 43"C (190)
asgigolon temperatures 260C9

Solubtlityt
Almost i. H2 0C miscible with ether, metlAnol, ethanol and benaene (190)

Military and ladugrl useral
Fuel additive; epboxy in cuiag catalyst; vinyl and Isocyanate polywerisauon; inorgsnic inter-

mediate (190)
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!!SnM-abilitM
Sponutanously flanimahle in air (217)

t, 1, 3-'rfIE7'fM ETHOXY DIM4I9O6HMY OWE1

Mol. Wt. I fo~vmuiV.P
210.20 (C2H5)2PU'(CzHS)(OCZHS) SP-310r

i.OWZO(103) Luitd - colo~rles (103) s 12

Solubilitys
s. organic, d. H20, CI, (103)

Flamimability%
Spontaneously flarnmnable (103)

ANThtONY TRDAFHU

Mol. Wt-1 rormuliss-%
166. Sb (CIWA3S T~md~o1y siWnas

M.P.$ Chramcterieties

-87.6-C (103) Li1quid (195)

1,52315 (79) a0. CC (79)

Unique cmilitioms reaction Lvoduct.
Reacts vigorously w~it oxidizin materials (195).

Solubility,
d1. s. cc~d and hot H-L09. sJwn I. alcobal (79)

Themnodynamic operoie.
heat of vaporlsatim 7.82 01l/o

heat of fonnation -1.41p=i/zo (103)
heat of couibustions 698 heal/snoi
heat of combustions 4172 :k 18 callg

r enthialpy of combustiow 693.0 :k 31 kcal/=*I (114)
enthalpy of foanatlons (liq) -1 .4 kcal/mol

Flannuab1)i
Spontaneously flamins el ia n air (195)

TRDAETIIYL ANTUQHNY SUIFATE

Mul. Wt-$ Formulas
262.85 (a.1 3)3SbS0 4

j ISO



Spontaneoulylawmmable STinN aiI1)

202.00(CH 2mCHi) 3Sb

Characteristics B.P.s
Liquid - colorless (103) 149.9722 (103)

Solubilit"
s. oi*nic solvents (241)

Flammailv
3potsmtaasly flammable (241)

ANTIMONY 7RIE71-M

Ml.- -Wt- I Formulas yioyi

208.34 Sb(C2H5)3  Tristityl utibine

___CharacteristicNo D.P-
< -29'C (79) L~qtid (79) 159. 'C (79)

d./s. 9r ng (79)
7.3241 (79)1.42

I. H201 s. Alcohol, other (79)

Thermodynamic 1[olmrtem
heat of comb~stio S552 * 6 ca1/9
enthalpy oi cambutlom 1162. 6*11. 2 kcaj/mol (114)
eutlialpy of foaiiatlms (liq) 2. 3 kcalhnol; (gas) 13. 1 kcal/rnol9

Flainmabitn
Spoutaecoualy flammable (195).

TRIE~nY ANTRAONY WhLAT!

Mol. Wt. I Fown ulas
304.18 SWAYH) 3 04

Flaxamability
Spuntantowly d1amiable in air (14).
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MHEYZDMETHY AN'PDAOY

Mol. WL.: a Fmula*
228.93C 6 HS5 WbCH 3 )2

acazactera*1cm 31.5 4
Uquid - colorless Oil (710) 112 15-18 (9

Flainmabllity

Fuaes in air (79)

ThRIPR'YL ANWhIONY

Mol. Wt.: Icmu
250.85 Sb(C3 H7)3

M. P. I
90-81-C (S0)

TE-AKAMEMhY DISTDINE

MnI. Wt.$ Forzmulu
303. 56 (ai 3 )2SbSb(CH3)

M.I.1 ..
175-C (37) i180(7

Synthesis
Reaction of methyl radicals (from tetramefliYl lead by Pyrolysis) and an aftimoy mzitror (37).

Flaratabilkim
Spontaneously flamnmable (37)

31S-DDA~ETHYLST3BDiE OU)E

Mol. Wt. 1E:4-
319-56 L(CH3) 2 SbbO

HVIydoLYW. (CH3)2 Sb&r with alalWI (36)

Fla~mmablilty
Spontaneously flammable (36)
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METHYL TRICfl UWOKU I U ANI k

SMol, Wft. I Formaulas

149.50 1CH3 SZCI 3

M.P.s ",ancteristics V.P.i
-77. 8C (103) Liquid - colotles (acrid 10-27 (103)

2o-5) (103) 6P3

i,1.27-25 (103) BP.3 viscosity&•

66. 4C (103) .37 cs (at 25"C) (103)

n25
D (103)

1.415

Uuique condition reactimon proouct

Evolves white fumes with moist air; violent reaction with H2 0 yields heat and white acrid futmeo (54)

j4X~ticr teMPeraft4Ue

flesh poiUns 481 (103)
a6*IinitioU temperatwes 410'C

SSolui•t

a. oganic solve•ts; d. H2 0, aicobol (103)

Therm odynamc prop eG'e,

heat of vaporizaticme 84.9 Btuljlb
sumface tendont 20.3 dynes/cm (103)
specific heats .22
co,.Mcient of expansons .0013

VINYL TRICHLORO SILANE

Mol. Wt. Formulas
161.51SiC2H3C1 3

M. P,..__ Cherclterst:ca -8
-95 1C Liquid - colov~l ss 10"11 (1 3

(acrid odor) (103) 6023 (0),

4. /BP. or. 8 10034

1.26425 B-e._.

1.26520 (103) 91°-93oC (103) .2 5S
D1.43 (103)

.50 cs (at 25"C) (103) 20

Do
1.4365 (103)
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Evolves white funies with mioist airl violeut reaction with H(20 (yield heat and white acrid

Ignition temnperatures

flash points 70-F (103)

Solab"Itys
I. organic salve,*t; d. H2.0. alcohol (103)1

Themnodynamic ptoverties
coefficient of expansionis .01/PC
beat of vaporizations 88 Dinlb (103)
specific heats .20)

ETHYL TRHW~osnANE

Mol. Wt. I Fmniulas
163.51 CH5 SIC13

M. P.S a Oaaeractaiicss ylioEi
-105. 6C (184) Liquid - colorlon . 48 C& (at 25C) (103)

(acrid odor) (103)

1.23_2 (13)B. (103)
1.2384 (103) 97103760 (103) 145

Uniqlue conditions, reaction producto
Evolves white fumes with molet skij violent reaction with Rk0 (yields heat and white acrid

fumes) (54).

lanition temperantures
fasah points 80'F (103)

solubility$
4d. H20, alcchol (103)

Thennodynamic Properties
he-at of vaporizatioms 99 Dilb
coefficient of expansions .0015/'C (1)

DDA4THYL DICHI0P.OSILANE.

W01o. Wt. I Fwrnulaz
129.07 (CH3)2 SiCl2

M.P.u Chammcteristica V.P.8
-76-C (103) Liqtdd - colorless 10-25 (103)

(a"rid odor) (10 3) 806.5
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d..v~v* S-;al , S'C. (i.) •.47 . (st. 2•"c) (10S)

Do-. (103)
1.405
S~Unlati con ditions. reaction productisEvolves white fumes with moist air; violent reaction with H2 0 (yields heat and white acrid

fumeas) (S4).

Ignition temperatures
autoinltions temperatur 410YC (103)
flesh poi sF 1F

SSolubiUil

a. organic solventa; d. H20, alcohol (103).

Theemodynamic propeorten
heat ol vaporization; 9.4 Btu/Ib

surface tenalont 20. 1 dynes/cm (103)
coefficient of explnsdow .0013/*C

ThArEI-Ml CIOU OS1LANE

Mol. Wt. a Fcemulu
108.65 (CH 3) 3 SiCl

'M. P. a Characteaistcs V. P. I
-57. 7C (103) Liquid - colorless

(acrid odor) (103) 60"4 (103)
d. / or. 1 1006

"*825 D.P., 4009.4
2S (103) 57. VC (103)

.6462S _204~. VlcqWI (103),

Surface tnsorJ .47 cgat 25C) (103) 1.3884
9. 5 dynis/cm (at 2O'C) (103) •

Unique €anditio" raction
Evolves white fume. with mois .k; violent reac.on wi H20 (yields beat a w acrid

funme) (54)

Itaition tempetal!eg

fluh points -16F(

autaignition temperatures 400F (103)

SolubL~tys
a. organc solvents (103)
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PROPYL SLANE

Mol, Wt. S Formulas
74.20 S(C3H7)H3

d./sp. ar. t Charactoli~tics U20
Sqo (103) Liquid - colnrl-- (103) D' (103)o•.

V3C (103)

S-oluw111w

1. organic solveunt; 1. 20 1(103)

Thenmodynamic ,wieirtieu
heat of combustio 19,000 Bkulb (20M)

Fhnmmabllitys
Spontaneously flammable (103).

DIETHYL DICHOROSUANE

Mol. Wt.I Fosmoulas
,157.13 (ICH 5 )2 SiC 2

M.P.$s Marg•V.P..
-96.s'C (184) Liquid - colorlea (103) logo (103)1021

d. .s ]•.P.u 2

1.0 L2VC (79) Di (71)
4 179) 1.4909

Unique. conditioni re~actfog i•Md,.,.s

Fumes strosigly in moist air, so intes that itauky containers appeaz to be am fire (54).

Solubility$
d. cold H2 0; s. ether (79)

TErRAIM SLANE

Mol. Wt. I Formulat
88.23 (CH 3 )4 S.

MP... (226)
a -101.7*C (226) Liquid - colooomu (226) 1. 3S)

BP._d -1 .s 26.2"C (226)

W O, (226)
4
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s. organic eolvenbt i1. 1*.ýO (226) 4j

Thennodynamic propetigew
heat of vaporlztiosu 6.25 keal/mol (at 26. 2C)
heat of fomiation& (li@) -69 kcal/moll (gas) -63 Iseal/ma! (226)

heat of combustions -920 keel/ma!

FlammablUtye
Spootaneously flammxable (21~6).

AMYL TRICHdLROSLWNE

pMal. Wt. I Fornmulat
205.60 S1C5H11l C13

d./s. r haracteristca V.P-S
1. 137jj (103) LiquJd - colorless (103) 120107 (103)

~25 B.P.1
j, (103) 166-169C (103) Viscouity$

1.44151. 10 cs (at 25"C) (103)I: 20
Ds (103)

Unique conditions. reaction peoducts
Fumes sronglyhzmin aixsts (54).

SaliabiliWy
s. organic solventol d. H420 (103)

Thermuodynamic st-oprtiesa
specific heau . 35 13
coefficient of ezpmnsiou .0014/*C (13

BENZYL SI.ANE

Mol. Wt. I Formulas
122.25 C6H15. CHS4

(0)ChsrUeter1l1c$3 V.P.,

(13)liquid - colorless (103) 3053 (103)
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* ~Solubiblitys
v I. HZOj s. organic solvento (103)

7%ermodi'uamic propretsc
heat of combuitions 19, 000 Btu/b (202)

Flammnability
Spontaneously flammable (202)

DUTHOXY SILOXDER

MOI. Wt. I Formnulas
226.43 (C21150)2 S1ik

Solubifltit
d. H20 (103)

Flammabilitys
Spontaneouuly flinamable (103)

BIS(ETHYLAMINO) S1LOXDWI

Mol. Wt-O Formulas _____

28.57 IC 5 2 Ci 2 SH?

Characterisics

SSolid - orange (226)

d. HZO air (226)

Flamzua~bMW
Spou1~anaeoualy flammable (226).

TRISTRVAETHYL SIMY PHOS6FHDE

Mol. Wt. 1 Formulas
250-33 ((CH 3)3S1) 3J'

Uquid (57) Z"C (157)

Syndieds
React NaP142 and (CH3)3SC' 'n an Otir sOlent at WM~ t`*mpaatMe And A""" In A apinaw~

band column (157).

Flammability;
Spontaneously flammable (157).
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RIEtMHYL TEUIJRI.JM

Mal. Wt. ou/

214.67 Te(C2H5) H)

M. P. t Characterltics

1381C (52) Liquid - reddish yellow (52)

Spoctaneouly flaunmable In air (52).

ISC4.J7YL TITANILM TRICHLORIDE

Mol. Wt.I8 Fowmul. _

211.29 I-C4 1 9 TICI3

charcteritglcs
Solid (128)

Nearly pytoficclc (128).

TRRArE YL THALLIUM

Mol. Wt.s Fcanula_

249.38 (cH3)3 71

M.P'.$ Charace* V.P.2

38. 5-C (226) headles - colorles (226) 520 (226).

B.P.1

1471C (extrapolated) (226).

Solubilitys
d. lIght, 12 8. organic solvent (226).

SpontaneouslY flammable (226).

PHfENYL DICyc.CPINTAD YVANADRJI

Mol. Wt. I Fcrmulas

2s8. 11 (C-HS)VCAs

flaMMabiliW 
.

Spotanreoudy flammable in air (243)
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jNG ZT77R~ir-r~arLjj-t~).jKL WT~ EHI
Mol. Wt.% Formulal

67351(COW
3 W'XACj~1 .3(CZN)20

Vkdlet (226)

a. oxgardc solventj d. H~oq alc~oW (226).

ELu-zability,

SpcoitouaovAly flammnablem~ (226).

ZINC DDWITHYL

Mol. Wt.a IPormulb
95.4 Zn(ii)

-42C (224) Liquid - coloelem (,'26) 124D (226).

4. Lsp! -4t,
1. 381V-(215) QC (225)

7hermodyngti~c ircppeonte
heat of combustions 5050 :k IS cWa/9
enthalpy of 'canbwustm 433.2 1 1. 4 kozl/mol. (1A-4)
enabalpy of formsatns (11q) 6. 5j (gas) 13. 3 ko&I/mol

FLammabilty
Spowtaueously flammnable in air (226).

M01. Wt. I Fmmujas -p-I119.42 (C~i 28CHi)2Zn 3322 (241)

UJ2ique onditions rearctlcm yloducts
Yield ethylene on contact with H20 (241).

synthae v
ZnflC2 + 2CH2ieHIq5 Lqa)&.... 4 (CH2IOIJ2 Zn + 2UgMrCi (241)

Spontaznecudy flammable in air (241).
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ZINC ISOBUTYL

Mol, Wt.*t Formuasi

179.6 i-CH3 (CH2 ) 3Zn

Unigue conditions, reaction pxoducto
Reacts with H2 0 to yield ethane (27).

Plawmability"

Spontaneously flammable (27).

DIETHYL ZINC

Mol. Wt. I Formulas
123.50 Zn(C2Hs)2

M. P.I Owiarcter~iztcu V.P.t
-30"C (226) Liqud - colorless (226) 2730 (226)

d . _ __, Sr. a H ,P.. I n
1 1 82.18 (226) 117.6-C (226) l9 (226)

Toxicit
When burningyields zinc oxide fumes(oieahold value 5 mg/m 3 ) (142).

Zn + C2H51 -jw C2 HSZn1 (2) -+ Zn(C 2 Hs)2 + Zn72 (30)

Unique conditions. reaction goducto
Extremely violent decomposition in 1120 to yields Zn(O{) 2 + C2 H5 (80).

d. H2 0, alcohol; s. organic solvents (226)

Ship in sealed tubes or seel cylinders, protect fram physical damage, keep cool and dry (142).

Thermodynamic propertl
heat of formiatlont (IUq) 5.2 kcal. moll (gas) 142 kcal/mol " (114)

heat of combustions 6481 * 4 ca.l/g

Military and Indugrlal were
igniter for capsule firing flame thrower (99).

Spontaneously flammable in air (226).
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ZINC ISOAMJYL

Moh. Wt.: Fosmul.a
36. 43 1-C1 3 (CH2 )4Zn

Liquid (27)

Unikue conditions, reaction products
Reacts with H2 0 to yield C2 H6 (27)

Flanmabilltiy
Spontaneously flammable (27).

DIM%1 -PIOPYL ZINC

Mol. Wt., Formul_
151.55 Zn(C3Hf7)2

d. , .,aracterca
1 04 (226i) Liquid (226) -& -26

BP_. '18.6
160"C (226) Dg (226)

1.4845

Unique conditions. reaction producta
Reacts with M20 to yield C2 H6 (27)

Solubility,
d. H 2 0 i. organic solvents (226).

_Then •odly n!a ¢ RQeie

heat of formnatons (l1q) -3.9 kcal/moll (gas) - 13.6 kcal/mol
enthalpy of combustions 1f13. 3 * 5.6 kcal/mol I 14

Flammabilityr
Spontaneously flammable (226).

TETRAMETHY, DmOPANE

Mol.Wt.a, Formulat
83.79 (F4CiHiA5(•C3 )2 Hi)

MP,_ Characteristics B.P.s
-73"C (103) Liquid (103) 69"C (103)

Solubilityi
s. organic solvent; d. H20, sIr (103).
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ji Tbernodyrwmic vropeztiess

heat of cowbustiow 24, 000 Btu/Io (202)
heat of vapoxiiations 7.3 heal/niol (103)

Spontane~ously flammiable (200)
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(b) IjALES

Dl-CMLOROACETYLENE

Mol. Wt. 2 Formnul~at~L~m
94.93 Oci Ccl DicIIIwC.UWU.,

M._ .:crlarscteaistics;B.

-66-C (79) Cas (123) Explodes (79)

Synthesii.
Trichloroethylene with caustic soda decompooeg to to= dl- or trichloroacetylene gas (123).

Solubility$
s. alcohol, ether (79)

Flammnabillty
Igniters cc explodes on contact with aft (123).

HEXACHLOPRCETHANE MIXTURE

Mol. Wt. a ForMULasSvcmV£236.76 CCIC3CC 3  Perdaimethane

___. _______ises Carbon trichiorlde
186. 6C (sublimes) (132) Solid - thombic, triclinic or Smoke powder

cubic crystals, colorless,

Toxicity:
Moderately Irritating to Adri, mucous membranes and livec. Narcotic in bhi~ courcentatloe

Solubllltyt

I' H-20; S. alcohol, benzenie, chloroform, ether, oil (132)

Military and Industrial uaesi
Solvent, In explosives; camphor substitute in celluloid rubber vulcanizing accelerator (132).

Flawmnabllltys
Molstpwr hataidous, ignites with water (27).

* UROMOETHYNE

Mol. Wt. I Formula$ synanym.
'I104.1 HOC~r Bromacotylemne

Broenoacetylerre
fthyal chloride
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d./Isp, gr. g Ckarsicteriti3ca V. d, !

• Uas (79) 4. 684 9/cmf (195)

B.P.i
4"C (79)

In -2a C (195)

SSolubilty$l
s. ether, dilute HNO3, di~ute MCId (79)

Spontaneously flammable In air (195)

CHLOROACETYLENE

Mot. Wt. I Formulas Synonym-.
60.48 HCi CCI Ciloroethyne

Ethanoyl chloride
M. P.1 Characteristlcm Acetylene chloride
-126"C (79) Gas (195)

d./sp, cir.! B, PI_
.o2760 (195) -32-C (79)

Toxicity:
Unknown (195).

Synthesim
Can be formed frmn NaOH and trichloroethylene (123).

Unique condition& reaction productg

Aqueous sohltion generates 03 and glows in the dark (46).

Solubility:
d. H2 01 a. alcohol (79)

Flammabilityi
Unsable, spontaneously flammable (12 3).

ACETYL BROMIDE

Mol. Wt. I Formula. Wasonyms
122.95 CH 3 COBr Ethanoyl bromide

Acetic acid bromide

M.P._ s Characte.stics B.P._
-96"C (79) Liquid - colorleu fumaing 76. 7-C (79)

(yellow In air) (195)
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d./Oap. a?-% n

1.66316 (7129 (9

High (&cut* local) as iritant, ozingestion and ou inhAlation (195).

actonf C COOH and PrS (190).

Unigur conditions. •action products
VJolent decomposition with moisture (195).

Solubilltys
d. H20, alcohol; s. etherj benzene, chlorofoem (79)

Military and induftial usen
Organic synthe4is and manufacture of dyes (190).

ACETYL CDCRIDE

Mol. Wt. S Formulas
78. 50 CF3COCI Etmno,. chloride

Acetic cId chlodd
M.P.1 Characteristcs
-112"C (79) Liquid - colorlesm, V.d..8

fuminig (79) 2.7 (195)

d,/sp. r.,a
., 1039241(79) B. P.__ 1n20

51-52'C (79) f (7)1.,38M8

Tolicity

High as ivitant, on ingesion, and inhalationj when heated emits highly toxic fumes of phoe-
gene (195).

Synthesis
CH3 COOH + PCI3 -- C2 H3CO+HCIT (190)

(distlil)

Unique conditions& reaction Prodm
Reacts vielently on comtact with H420 or alcohol (190).

Solubillityl
s. ether, acetone, acetic acid (190)

Keep from water (132).

Military and industarl uses
Used In organic synthesis (Iaparation of acetic Ahydride, dyes and pharmaceutlcals) (190).
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BEZOYA CHLORIDE

.:l. W1. Formulas

140.5 (46) C6 H5COCl

M.P.$ Characteristica
-1C (46) Liquid - colorless - 1976C

fuming (46) 394742 (46)

1.218715 (30

(46)I.55369

Unique con.ditions, reaction product"
Smokes in atr (191), gives beuzoyl derivatives with alcohols, phanob and amlnes (46).

Solubility&
s. C6H6 , ether (191)

ANISOYL CHLORIDE

MCI. Wt. I Ftr-inulia Synonms
170.S a•liOC6 H4 COCI AnIsic acid chloride

M.P._ B._.A
22"C (46) 160-16455 (46)

Toxicityt
High (acute local irritant) cn ingestion and on inhalatiou (195).

Unique conditions. reaction products

Hydroiyp i to HCI with I-L2O (195).

Solubilltys
I. H20; g. acetone, ethane (195)

Military and industrial uwse
Intermediates 'or dyes and medicines (190).

Flammability&
Spontaneous explosion at roosin temperature (195).

TRI-CHLOROACETYLENE

Characteristlcs
Gas

Synthesist
Trichloroethylene with caustic soda decomposes to form di- or tr•chloroacetylene gas (123).
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Flanmiabilityi
Ignites or explodes on contact with air (123).
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I

(CS (c) MISCELLA•rS

MOlOMEIM-YUIDRAZ•iE (MZ-H)

Mol, Wts Formulas
42.01 CH'4 -4H

M.P.& Characteristici,
-62.57F (149) Uquid - clear, water- 3)40")S~~White, a.mmoniscal Oder |,1j' (149)

d./Ip, at. (149) (
7. 32 (at 68'F) (149) 7,9) F

B.P.e
Viscadity, 19. 5'F (149)
.85 (at GOT) (149) ( (149)

1.59

csusdc to skin and eyes, can affect respiratory system, potent central stimulaut (tremors and con-

vu/ltons); no threshold limit value set but it is probably below . 5 pp• (149).

Unigue conditions, reaction producto
Reacts with CO2 and/or 02 in air, hypergolic with HO.., N204, F2 , HNO 3 (149)

Igntlion temnperatures
Opens cup flash pointj 61-63rF; autoignition temperature 3827'; flammability liznitaZ. 5-92 or

9N% (149)

Solubilityi
Miscible with H2 0, lower weight alcohols, hydrazines (its derivatives) and amines; s. hydzu-

carbons (14)).

The. •-cinamic ,ropertiess
crlt!,cal temperature: 562"F
crit.cal IVe-ures 11800 pda (149)
critical densitys 1.42 g/cm3

Flammabi!tys
"... exposure of MMI-- hu air on a large surface (e. g. rags) may result in spontaneous Ignition from

heat evolved by oxidation with atmospheric 02" (149).

PRODUCTS CF NITRATION OF DIDTRMOFMUOROETHANE

Uasiut codltiokU. reaction ucts:
Air admitted Into vwcuan at 60"C explosive reaction (9).
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.9 (195) 16-4-C (195) 25 LS

Taxicitys

Fromacton f etyl lcool o n~rowoxide gas; treat ethyl achlwt fe =

60.1 ai (190).

Igntio (195) aure explode at 194*aa oo175 15

(4(4)

* 732 (195) B.P3 4*s 1__407S3

-SrC ~ ~ ~ ~ ~ ~ 3 (1CS (195) nmasaloor 17i 1s

.5 ppra (153).

Synthyslai
(1) react dkn~ethylamine and chloromiirel (2) rearct dimethylamisse salt vith sodims nitrate than reduce
product; (3) catalytic oxid~ation of dlimethylamine and aminouLa (190).

Ignition tem perature
flash points 34CF (195)

* autolqigiton temperawrts 145.9*F (127)

* ~Solubility
a. H20, "ethanol(CZHS1) 20 (46); complietely miscible with H20, hydtazlne, diatlayl triamine,

C2 Haki;O and nice pvtroleuns fuels (153).



Thei1modVuamic lvoggrtdeiv
crit~ca1 tempeftturer 4821

heat capacity (llqL~t 650W/lb()
cqeificent of thermal expansour. cp
heM of vaporization 72fttu/lb (at:F. P)
heat of comb,.gtlona 14,200Dtu/lb (75)

A(I~ltar~y of indugrtal useMw
jet and rocaket fuel component, use4i n chemical synthesis, used as a stablizrer 1m otgr'iic fuel

peroxides (190)

Flamnmabilitin
On a large surface may igerte due to slow air oxidation (153).

DIACETYL4EN

Mol. Wt.1 Formtlas _M2 6
50.1 HC!CCC cciSiBtadiyne

ButAdiene
M.P.8 U.P..
-36,4CC(195) 10.3rC (195) 11A~ (46)

2.233 (195)

Toxicity,

Moderate as acute systemic (195).

Ufigut conditlon'. reaction products
Spontaneously explodes with damp silver salts (195).

Flammability
Spontaneously flammable (27).

ACETYL PEROXIDE

Mol. Wt. I Foxrmulas Moys
118. 1 (CH 3 CO)202 Ethanoyl peroaidde

Diacetyl peroxide

M' P.m Charact-ýristlcss
WIC (195) Solid - cr)&m1l - B.P.1

colorless (196) 63M(19 5 )

1.18 (195) V.d.e
4.0? t190)

ToxicitV
Maderatui (acute L-cal) as irritant, on ingestuon, cm Inhalation (195).
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Uidgue conditions, reaction Peout '
a cae ignition of organic materials on contact, pIodluces ieat cc contact with water or

steam- (195).

.]ntion temperatures
Above 122*F a violent decomposition may occur (142)1 fladA polsntill3F (190)

Sl ublliMt
a. H-20, alcohol, etherl d. NAOH; CC14 (190)

Keep from physical damage, uo sourens of Ignition (electrical) to be kc.ated in the buld•ag, tem-
perature range 327-90F (142).

Military and lnd'!!_ntrýA
Inliatot and cytalyr for resins (190)

Flammabl!W•

Spontanemly flammab)e if more than 24 hours old (195).

P-NrMrOSOHENOL

Mol. Wt. I Formulas
123 C-H40KNO

. P....Characterlitics

144-C (46) Sold - pale yellow

needles (46)

Syntheris
From phenol by actLon c coid nitrous acid (190)

Unique conditions, reaction Producta
Ignites with small Lmountr of acid or alkali (190)

Solubility$

a. alcohol, ether, acetonel moderately s. H2 0 (190)

Thearmodyamnic propet.ieA
heat of cotnbustiona 715.5 cal (46)

Flammabllityi
Impure - explodes by self-lgntiouon (190)

PHIlDMMIAZOSULFIDE

Mol. Wt. Iormula
138.12 C S)5 NNSIH

Maractaliic,

Soid - red (163)
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Expidanwhendrid Ina~r(163)

M~ l. t s Fo m uiaz8 H 8 0P ha n y loxitan '
LI .-..'C3lraCtertgUCAu Benzene, 1, 2epoxyleeiiyl

1.54~(g Liquid (79) Bp.P.a

381.6'F (12.9)

flath Points 1751 (29
ato1gniti~n tamperatures 175',

L. H20 " alcohol, ether (79)

128.2 1 S n n m

M . CH~3(C~2) 3 Cf9C2 HS)ICHO 2-ethyl hexanal

M. 1 0' P. 9: C ArACter WutC n V .P.:< -10C 79)Liquid (195) 1.820 (195)

.825 (95 V. d. I.825 (95)16376D (79) 4.42 (195)

flaah point (open Ctzp) 125'F (195)

1. H2 0; '-- ialtaol, ether (79)

SPontaneýAel flammable in aft (217)

STEARI~C ACID
MOI.Wt. I FcwmulajSnoys

25.~CH
3 (CH2 )16 C02 H Ocftdeanoic acid

M.P.$ hrcaIi.3
70.loC (79) Solid -manocliiac N (9

leaf (79) 1.4299
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.940810 (79) l83.:i1 C (791

Unique codition,1 reacton ti
Heats spontaneously (129)

lgnitiou temp eratures

Clash point 38;F
autoignition temperature 743'F (129)

SolubilLtwi
I. H2 0l aO alcohol, ether, azetogs, C6HI-16 S. chloroforn, CCI4 , CS2 (71)

TRJDECYL ALDEHYDE

Mol. Wt. I Fotmulas Synonym=
198. 3S CH3, [CH2]1 1 CHO TrdecanL.

M.P.g B. P.s I18 4614"C (46) 126-12810 (46) 1 (4841.4384
d ./sp , gr. !

-~. 83S618 (46)

Solublilyst

1. HZ0; x. alcohol (79)

Flammabilityt
Spontaneously flammable in air (217)

DIAZRINE

Unique conditions re action product•.
Explosive with air (10)

D/METHYL DW, IMAYL PHOSPHORAMIDATE

Charactoritsca, B.P._
Liquid (127) 1364F (127)

Urdiue conditions, r action mroduct.
b naltive to O2 aud moislure (127)

j, 0 DIMETHYL THIOPHOSPHORYL CIILORDE

Characterlsica

Liquid (127)
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7ntal xbv 04* u,,DL explode at 100*C (127)I

Jlinfiton ten ratugret
M4l99tiognio temperaturci 2 12F (127)

3 YIIE-IZ~U FIApjpWWR~pATE

FlammabiltiW

Syntheisal
Formed during purific~ation of pytidine with HjCIO4 (113)

Flarnmabilityi
Violent explosion in air f(113).

VDFYIMETHYL TE'TRAzoIz TRJROR.ANE

Unique Conditios reaction oout
SPartaizeow decomnposition takes, place at room temperature (5).

A
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NOT REPRODUaEIS

Urmlm &5eri4*k movp~iu* PAmdua

t. Ait reacUvo (197)

II ~ ~ pamTaud inn="ma wt* U40 (3)

Txbuaafk$ Ambn Mo LIj l4lauxhW kHy*id AMI4Ca CCzPOsud

amigb$ sub. t, A NOi N*r 94v~i. 41 IJ"II 4 lii 'FMUS &t 'WeCt* YW
&"Mm~A compotad (143)

ti. I~nm5. CH4 (i~s)

ow ~vacl~~s c I Wea bodw 7 ,se bdm sabe bel" boaw pinwar" d

aai2(3 +V (303
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R95 Ia19"iv

Synthesi
Heast 3C6H5H9Cl + Cr(C! 3. 3THY Lus (1) Atmospheric presurea and teimperatures greater Cian WOC,

(k) at room temperature and reduced pressure, thex (3) wash red sculd with diethiyl ether to Yilald black
rpophoric, paramagnetic soid (2441*.

Uniquz conditlons. reaction reoducts:
Hydrolysiar of black powder yield bix-crene-complexes (244)

Flam~mabilty:
Spontaneiously flammable (244).

Structweif
F. ~Black solid considered to be comipoeed of approximatsly equal peuts of bis-benzene- and benzene-

blphenyl-chrcanlum intarmedisatea possible structures

(C6H5 )3CrQD) - ~ Q I
C06+ &(244)

Dlftuosourea Decompoiiptiai Products

Unlaw jonditiou reaction tout
Di~uaouroea decomposition products In air are a possible cause of fire (6)

Utaniui Doroaydrids and Trimethyl Borm Reaction Products

UraiWn borohydride, and trlnetyI bmaon in a sealed tube at GD*C for 4 hours yields a non volatile
* finely divided brown deposit (197).

Vigorous reaction with sir (197).

Alumzinumn Dorohydride Deccenpoattiori Products

Evepoate aluminum bacohydride rapidly at roomo temperature, a residue remains which contain
Ali B, and active H2 (196).

Detonates spostneawly in air (190).
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Magnei•,m Sticide and Acid (Usually Dilute HC1) Reactiob Roducu

Spontaneotudy flammable (90).

Zlc and Iodine
(equal amounts)

Spoataneously flameinble in 11]O (3).

Magnesium and Ighlim
(etqW aMORun)

Flarnmabilltv

Spontaneously inflames with H2 0 (3).

Rosin

M.P.$ FcMulas &gm
100-1 C (195) 80.4-0ablttic acid PlaW. &*"A

S. eganhydride
d. /!E g. Gugn rod-

1.O825 (195) Charncewlsticr I
Pale yellow to amber -
tranduiwAnt ,ragmratu - turpentine odct and take (195)

Synthesust
Obtained as exudate, mixed with volatile oil, by nchJmo of cmiion ow &ees (ditill off trpeln"d )

(214).

U•i.que coUitiMo, reaction ,roducts:
Can react with oxldizing motaials (195).

Udition term peraturet

fla-•,point, 370pF- (195)

Sojubilttys
a. alcohol, ether, CjH& glacial acetic acid, many oils, and aqmoum allina wAvaen"t I. H20 (19-0)

Miitary und indyusla. ugoes
F•sun soaps with aqueous ulkallj dat products used in 1na.leu, road oil and daA varairke, next

serles used in making sin fat p•peri lighter grades in soap manufactwe, wad in ais•amtes of Pb, Col

etc., a a paint drier, sealing wax c plastc (190)

Spontaneously flammable In eli (1a5r .

Toxicity,
Sllght u allergen (195).
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Trihethyl Aluminmai-Dimethyl Ether Complex

-29.!"C (226) l59C (226).
':• in- suma billttin

Spoatansacusly V.ammable (226).

Hydrogen Plo•she and, Impuuties

FlammabL*t11
Spontaneously flammable In air (62).

OlFum

-2S04 with free S03 Fnming sulfuric acid

Charact.ristics
Liquid - vikcou colorluss, or
ulightly colored (25)

With moistu In air yi.lds a white fog (25).

Military and induartal uses
Used in World War I by Germans ua sa umak screen, used by Coemans In Would War U In floating

snoke pot (reactm with H20) (25). Sulfowtting agent in production of organic comipaund (214).

Titanium and Nitric Acid

hatmmabilit'
Spontaneously flammable (74).

Blusmth Hydroxide and Aluminum Hydroxide

B4OH)B and Al(OH) 3 coiaeclpitated and reduced by H4 at 170"-210"C Is spontaneously flammable

at aminmya, temperatures (143).

Ni-Mg Mixed Oxalate Catalyst

Formula
NI/MgC2 o 4
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NI/MqC20 4 .2Ho2 0 NI/MgC 2 O4 (80).

Flaxnia b/ltyi•

Spowtaneously flaranisble (80).

Aluminum Powder and .Sodium Peroxi/de
(mixture)

a!~l w cihdlt~ions. reac'don produt
1ghires with 1120 (3

"FS" Soluton of Sulfuric Trioxid- in Chlormuloulc Acid

Uniue couditlow. reactint 2!a2uctu
Atomwied In -onoist air, ingredients reacted with water vapor to iom minute droplets of H2SO4

which appeared as a dmi-e whift cloud (26),

Military and Industrial uspa
Used as amou. screen !n World War 11 (26).

Sodium Peroxide and Sodium Thiosullate
(mixture)

Unique conditign% rm-a,iton.producto..

Igusite8 with H420 (4).

S12 CI 2 - NH 3 l*aOtlOu Products

S*Act V13C06 + NH3 • ... (227)

Flawmab/lltys
SxpwtneouAy flammable (227)

Aluminumu odide and Sodium Peroxide

Unique conditimens ratlcA producto
Water -reactvskesmoke dlnAl ig010r (227)

Silane Gau

U_._que condiUd..• actoa uwoducti

Alumrnum chloride and calclum rilkide reacts with H20 to yield upontantowly flammable llawM
gas (227).

i m, • m, m, , k, m, " m



YI I
Fiiroso csuoride A ALiphamethyi•tyrene

"F lwemi l(eityl

A"Slow decomposition in air (in screw topped bottle) finally heat evolved or decoposition products
accmm~uIated to the point that the reaction was accelerated and sufficenest presure was built up to
force the cap fro•m the bottle, white s•noke filled the rom" (7).

LI
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