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+ low t.hooroucal ?cveru nuku uiil mzcuu of no -

. .nr.ex'uz 0 a projq,:% enuuvorl_, %0 liprcvﬁ :m ua pruavno Boi’ u\.u SAplUsaATSS: —==
Rsemdations ara ude on- a progrm of t.eaumg nuuhived nixtul' ' contlining

high nitscgen ce-poem?z up-et.e:} to have a‘\cepuoml 1y nigh po-fer, or tgsting

- cacta.tn hizh energy ccwowzd&, and £ ‘rateat.ing ccru:l.n subs»ancss c.!.' pont-
“tive o:l\ygen “-*a; such as """m‘t.fau‘ ans, which appoar to disqree uith )
- tha gehenl t.h-sory of’ puver calc u.].gt.ed by nRT. \
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S0 % DECUMMYY INPORMATION -
o ’ 3ECTION XVY

Caloulution of Yezts of vasouauon or
- szanic Coﬂi}(}imﬁa

A

.A. Ab:tr&et ; o _ ;
. A uthad ol‘ ealculatlng hest.n of colbution ‘of orianic cwomdah
- from struztural featurss is described. Thip method depends up the straight
14ne reletionship betJeen molar oxyget bala.ncs and the molarihsat of Com.
busticn of a hosologous series, - Intercept and #lope values, have begn deters
i" . pined from published data for thirty~sight structuril features. On thy-
7 L erage, an accuracy of L4 is found by cpapax'ism of" gbrerved with cclc\_x._Liueﬂ

T U T nsats of combusticn. ﬁw,pnefixlncsu “of .the wethod: for high axpioaivgq’ is-
’ illustrated and certain quLea ox oroceduu lun bm et blulwd.

I. o X300 g.’_,,,k,:!r

B. mr.-cam:tiun

v S T oo

R o = ::_ oo Inan wliﬁ ng,}j (70) & -mvnmi of mddigive geouz snds giel T T,
proposed for c&lculating heats of ccnbustion of cxploaivo coapounds.  This - :
method was converted Trom the Springnll aud Roberts system cf celsulating’

v  heats of forwation (130). CaTeulation pave | good- agreenont. with observation

© in wost caces .for orgenic compounds containing primry ploscphoric groups .
(69) -but it waf 1mter diacovered that very poor “agreesant was frequently .~
being cbtained with non-expluaive or;;antc compownds whose cbszerved values
‘wers undos.btrdly earrect. Th's poor agreemant, as woll ap the lasck of valuss
for certain comnan siructural features, led to & resxamination of the problenm

.7  “from & moré empirical and leu thaoreticel via-wdnt thaa mlf- _.Of ﬁaﬂé@i-l-_,: e

And R@crus. L
. Discusaion S - R ] i
1- CO%'-Dﬂmson with Ot{ger Hlet'\cd.s R s _5_;: T

< i . > .Holcomb et al desdribec} = relation bebueen oxygan balance and hiat
~ 777 .of ¢AmDUSTion Onh & Wwelgnt uasis for nitroalkanes (LL) and luter for nitro- ] 0
elcohols .(§1a), We have found that & similar reht)omhip is applicable to o
s great @wany; more. fuﬂc‘rioml types.. The rels¥ioiship 1s found to give abetter e
straight 1ine s houuve;', botween molar c:xygaﬁ balauce and molar ‘heat of com- ’
; bustion,, than bataeen:trese nnrqse ors vn a weight basis. ““Indeed-wuch 2 ueight
'\ " relation does ndt exist for molecules with the enpirical fosmula C Hga Qlefins
_ and oyclic puraffing all have the asse oxygen balance on a weight Raa?ﬂ (-3k2.2)
7. and tho weight heat of .combustion becomes indepondent of thid parameter. It
7 wga discovered subsequent.ly t.hai relationships betweon the ‘molar Heat of com-
bustion and the nucher of cerborf atoms in the tolecule had beer pyblished by
“several invostigators (11, €5, 100, 103, 113, l.hh, 146, and 143). None of thes,
though, had besn o could be dpplisd to any wolsculas containing more than a -~
#ingle 2ype of functicaal growp, and they were spraight lines in any hono).ogous
garies .only aberg § ive carbon atoms. ; .

'JF'IDWT:AL

B . _ TS R Arthur D. Little, Ir:o.
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Relating the heat of uombugtion to the nusber of carbon atoms is

neithar as effective nor as flsxibld us relating it te tho molar oxygen
" balance vhich is dene here for the first tims, When one considurs thet

nuasrous polyhauofunctional compsundo can have this same numbar of carben
atons but different heats of combusuon, nacsssit&tiug an equutzou for each
hamnlogous sarles. it iz spperent that the.task 15 simplified Ly uss of
oxygen balance which 'leads to a single eqiation for duy -homofuisticnal tvPa

regardl@sa of the number- of like f’mctional gropps preserﬁ,. .

. _viously used methods. The linsarity of Q. foi ahy hosiologouz ssrdss with - , s
“Rolar aXygen talance allows & reasonable stimative of the Accuragy of any
..reporied heat of combustion. . Isolsted points which dc not fall on the best,

"tigurg which can_ba obtained from the Bsleculan’ Pormuls.slons; 1,,“,,,,“,,,
i'of electranis siruetiwe, Fui-tReriirs- ne. ¢irrcotions to be” “found par -fwoe-

The metb?d »f Kharasch (55) ia as closu as- any to ths. ayuta.t- deﬁoribnd ’
- 1J1 this report. Yet the difficulties in =sloulating the nusbsy of elpétrons
in a wolecule are dafinitely greater thun in computing the oxygen baljince, &

Low b e

tional typus not given by Xharasch are:difficult-to sssign and asgess with

. any assuiaiwe of sgsuwasy (1). Hip mythad of derivation dees noi inwelve the
. straignt.line relatien.hip Hl‘ich d—ﬂ‘i‘.isa vhu WTOrs @5 At does /La t?b ajpta L

RN - . e //’

describad below, - e

The ‘syster’ preaen»ed here has ons, diatinc dh..n:‘gu over al] pre-

line o within 2 rensonﬁblo range of it arquse suspicion of inaccurate deter-.’
ndnstion-for one reason or 4iother. The truthfulness of this statemeat has=~

_besa uphgld and Justified by & number of instances in the pertinent field of

explosive chaidu'-y, inh whioh & Jaternination, -discarded by us as being -
incorrect, has.been revised by fnter determdnaticn or by other suthorsy

‘oringing .a‘xe observed heat of combustion in line with the caloulated v;alua.‘

- An sxample’ of similay reamoning applied .to structiure proof can be found-in

the recent literstwre (72). Thus many of the~data in the Tables' 61 thrc::sh e

ad

134 ghou the efiacts of some seluction, znd the points chosan for esilmablig

_the beat line by “ijs least- squares muthod havo been bias ed, i;utk.only for this -
X‘SJO&\ . . DN,

Tha list of fm.ctional groups-used may bs considerad 1nco-plet.a.
Additions. will ba rado and raporved 4t a future time, It miy be that improved
accuwracy csn be attainsd hy reworking the accusmulated data in & different
fashion end employing punched card machine-methods for this roenlun“,ion.
Such a posaibility is under conaidmtion.

T - .
4 - PEBRE

2. Conguance of - Ob~ervat;i on and (:u.culation

The agreenent betdoen observation and calculation by tho prsseut
systen 1s generally within 1% or better, depeuding somswhat on the acouracy
of the original data, Other factsvrs-sffecting the agresasal. and not taken
into complete considsration in deriving the equltions, are offect of positional

:.uoqufisn, effcct of neighbering groups and ‘:ra":ching. and effect of not tald.nz

! 7 CONFIDEVIWAL
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mto ucoount minnp cmwuona mcessary ta convert observed data to a mifgmi
Vhvic of tapearature; 11-vacuo Redsursaenta, Wasiibuen corvections, and the ..
Tike. It has not deomad worthwhile to wmake 21l adjustsciis possivle becansa I
‘the unkrown. dccursdy of tiw original data, with a few exoeptions, d&ld not: - - e

werrant the effort. The data usad for thia stw:xy and the ruultmc oqun:icm Y
= ars pvon isn Tabivs :u-l;u. S )

. W“mm kst

. - 'mara i3 alhost pe’:fec‘L a@-oeaent beﬁuun caleutatsd h,ata of com- -
C . bustion snd zbserved vilugd for normel faraffins and certain other hydro-- i
R carbons where ths data arp known with dane,idmble ageuraoy (115). - Thess
datz ere taksn as the. dl’ll for tha wbile system which follows. For other i
types: .of functional grcups tho sg;romnb 18 luss g/.ﬁod but zatisfactory a.mugh N et
g oo DT Yhe pwpsse inbendsds - A grophic -1lluwstraticarof sowe -of~the Feaulvs=leg~— —-— - - —
given in Mguwre 79. The accuracy amd Frocision ot results sppargntly depend: Sy
] enly on the reliability and dccursdy of combustion data sctuallyimeasursd. L
'! Tha greatsst devistion from the straight 1ins rélation is xcneral!:y sxhibited - » -
i by the lowest'uember, ani this 1s particuhrly true for the polar typa.of ... T
—- compound without carbouscirbon bonds, ®.ge) matmnol, for-ic acid, furmluoh;cfe, ;
I uthyl.aine, and, t.otranit,rﬂ‘—“‘nu : e
. // - LE A i Y
I’c ﬂi “bo ai’ﬁ'u;d tmt hé ¢ eulnuan nenhod derviaed and raportod nere
does not givs sulficient zccu-acy f.o the heat uf combustion. 1t feems to be_ )
sdequate, howsver, for ifi¢ purposs- Lﬁtmdqd, {8, approximatiion of propartiss
7 of new-of unknoun ccqaomdﬁ, p&rtiou]ar];{ ‘for pradiction of poser. In the
i -gedond sscticn of ils mepert 44 .14 shown boi-%ell such galculited veluss; “serve
o " to relste power as somputed by the nRT product difectly ‘to power ag& nusured
a 1n the balliatic’ martar. Indesd, in‘a-punber:.of instances the calculatéd heat
T of ccmbustion lsads. £o bztter sgreement than doss cbaerved hest of combustien,
v -3 At any rate the roughness of predicticn is not so great but what satisfacticn
_ can be expected when uaed 1n the’ ‘field of - propellantl and h.tga explosiven. -

i- 3_ Réhti\)”s! p WO ru.'unu)xul urogg:! '

This system. ‘of ast’xating heats o!' combusuon wap dévised spscificelly "
for- uss vith high explosive materisls, many cf viiich contain giciips not suscap- ¢
t.ibl‘i to estimation- by any otlier gimplo system. The system as presanted at this

" time, neverthsless, ¢an be wied fdr .any ce=pound containing the functionsl groups
given in Table 60; Conceivably there is no limit Lo the numbor or types of )
groups.or bonds which can evantwily be included. The present mathod is noi - .
_.olaired to bas mdispuuble, for thero exist agnalisy and difficultics ctill to” P

o A d e o "
oe uv;xeuuuuo These “J Uu 3\-!.0&““:‘.} for if wb-rdcu.ons couid ve &wa&w

" estimateds ;{ S : L — a

. Ons use to bhich the esuation ccsfrieiants can be put is establiahins
the relativiy contributiqn of uny functiongl grouwp to ieat of cambustion., The
aame contribution will be mnade to heat of wxplosion it the point of compar&scx. d -
1s chosen to be zers ckygen balance to caroon dioxide and watar, since ap this )
point and at positive balance these ttic heat.guantities are ideatitel. ‘Mureover,

st the zero point the poser of pure. ewloahe acupounds, & paraseter wilch is of - .

B e 2 T

av

" vitsl intersst to the present investigatioa, is At the maxioum.

ot emmbeses o e
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i Iv ) .. , Be called @ fplés"oéct{ive"

_ pserias ;-bo int-‘.u-ralata the rnhtive desirablliity of @ functional grow in an

" axplosive moiucule.  Paraffin is taken ss the zero potentisl. The complats -

serias is givea £ Teble 58.- Whare poasible or practical the veluss hava
_ baen listed for the liquid siais, and only the most reliable or !:d.gheat
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| CORFYDSATIAY
SECUNITY INFORMATION ~

AN
R

" PLOSOMITIVE SZRIES

_Functional ﬂgu .

{Re2lipatic residus o hydrogen)
‘ CROND,

'.7 j- Nitvate -

7 Gubghituted nd‘ramide .

7. _ Secondary nitramine . _-:.
’ Pfiﬁéﬁ:gi},rimine
‘Mitrainide
Nitrantng
T Nitro~ - -
ﬁh’llary nitrosamine. _
izo compound :
" ~iZtxy “compolhd *

T

T

v i:jiydrazine,, disubstitited

_‘Mitrosamine - )

" .. Hydraaine, monscsubstituted
Tetrazole -

1
Bt i L R

o JR——

N TN

Hydrazide). monosubstituted

£ e -

& . Acgtyleno
-Faran

i

. Ao bend-growp

A )

Con;_;iﬁution of hmct{.‘cu'n], Groups to Heat of C'omh-u!t:i_f_\n“

-
RO

TABLE 58

' Ceatribution

kcnymu -

O BgMIOy LU N
RNHIOg -
“RC(=O)NO;
- K05 -2 . R
RKO, 5

%

&
PO
-
!

7
&
g
E&S

a
e

CReECR R R
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“Azgxy ,bond-,g'rbi;p

‘Thipphene -
"NHitromo

Ani))a :
Cy-;'lohgptane

o -
_ CGyelopropane
i
‘\' ) ) /,i\
- En ter

Seher e
Fluorine -
Olefin

Aldehyde

imide, substituted

Cyclobutane 7 /

: ilcohch

- Nitrlle

A

Wsabaren

TABLE 50 (scnt td)

PU‘

-'g.g;
~+Guapidine, disubaututm mac(-nv)mm
::yuruzmg ocna-g\w;r o

S n;w-n;ua'ruym-g"vuy

5 Carb_vln@‘;xé- {1gonityile)

T

fﬁc(ﬂ?)?-f- .::;

RHC

ek

" RNO
- . Ouani#tgs. -ﬂzt.wsututed R}’lHL(--'MH).Jl;2

T R CCR, ¢
" Rexo.

RC(-O)'lﬂIR

n;i‘—“fﬂz

-

RO

RCN

Can-

l'IVE ,'JRIB

- Contribution
: kcal(léolo r
st

< E
A
h

i
g
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|
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RC(=0)R . B
" 'RC(=0)03(=0)R

e

Ketona
‘Acid anhydride
Guanidins

gyclopentene

T ke i R B

N az( 2 ) 2
_y ; BWW o ) g\ -gz

Salt
B;‘phargyl

H
b

I
N\

RNHNOg
L L

- ity
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© - The funsticnal group uhivh mkcu ‘the best plosaphm 18 the nitro

g-'aup cquoa) and this atitached to oxygen, nitrass.. or carbvon appears highest
on the list (93=1°9 kcal/role). ! Nitrosamisie (- '\ID 15 also high (56 keal/esls}, -

conslsgsn.. with 1%s asecondary plésophoric naturd, - Riiroeo (-NO, 21 kcal/mole)
Appuarn considersbly lower in the scale than would be exymeted. This may be -
_dus % the lank of sufficient dats to vive a cizplataly relizble canstsat.;
4nd it is reflected in the unusually high sloge for this functionmal type
 (se3 Tubles 6G-ans 135), Aromatic rings, unsubstituted emides, ond &cida :

" ‘appéar. Yelow paraffins (=31 to -5- kcla) and.arse ndt desirdbla foxr contri-~
buiing to -heatiof explnsion or combustion. - Tisergy s# mdded to &, molecule by
.réplacing & single.bond with-a double bund (olefin, 1k ¥cal/mols) or with a .

"~ triple-bsad (adetylens, 37 kal/mols). Compounde with-hydrszine, ago, and .
~azaxy groups {(67-69. kcal/mdlo) are rick in et¢ gy and, in sddition, ere high

R mn'ogﬁn icrmg s a source of eitra gas .lunis for power, all other factors
pding copstijnt. The présence of such commof groups-es sthar, slgchol, a.::rm,
fluerine, sibstituted guanidine, znd suter (14-18 kcal/wole) 1s helpful rather
--than d.atrz,aaual. Tetrazole (h9 keal/mole) is not as -good as might be uxpected,
Tprovably becauss of leze of wnergy, due o/ roaonanoe, nlﬂ,&ough it can atill bs
....xclassed a8 i secondary plosophore 5.The seme 1gca-of-energy i ahown’ by”*}enzqﬁa
- “which, Witjwut Fascnanod, ouaht to Lave hoen tha equivalent of threa clefl
- 'bonds (L2 kKeal vs -10 kcal). Furen (36 kcnl/-oh) i{s not quite the.-
ciin < stheF and two double. bonds (hh wzal/wole) perhaps for the sgme rea.on. .Indsed,
from mich considerations & resonance &nergy valus can bs celoulated. .For the 7.
; -’b&nzsna ringdt would amount to S2 ke kul/-a«ln and te 76 koal/mole for ‘naphthalens,
in raasonabie\i‘groemnt with Wheland’s #ssigned valuves of Ll-51 l;cal/sale ‘2n0d
[f??-bé lu.al/nols reapoctivaly (151). ) ) .

A tsble ai\‘ihr to Teble 58 drawva wp on a weigh basie vould be vven
-mors helpful in grovp evaluation fidm an explopive viewpoint, Balniss of the
dependence on weight rather than molar “valuas for mansuring\suploaivn properties.

s » --Such a table can be oonst.ru.ted frol mw -b,f:p;—-a- o,
P 3'-;-;53’.—&“-& - »-u.;~- fhpiolan ~

' The contribution P'..u oy xmmuoual grou,ps, a8 pr,admd by the pres .nt

be akinm to the Pauling system of additivs bond energles fox' Yeat of! fomtxon,
;- -and to the Arthur D. Little, Inc.; method for heat of combysticn (TD). prede- ¥

i -{ cesser of this oue. Sano _efforta in this directioa have® shoun .that; this can ..

R -—bs -d3ne. -Ths" converpion 43 easily-mads-from the intafcept and 5101/3 values © vES

_-hmm ia T“b).s .‘.G, buk e reswlbsare . aot. yet in a atate ror publicauan.

TR 7y, Multiple uroupp on & Sigﬂ. Carbon 5

o u..teni.ion is dﬂk’n ta tno!-br* N.in% of interests Hore than-oms of
“ 1 . cortsin. groww or atoma, suéh as nitiosor halogan, can replace the hydrogen
atoms on a smingle carbon atam. It has been found that compounds containing ,
such ¢ multiplicity of functich make an energy contribution t; heat of
bustion greater taan would be 'vxpssted frue almole addition using-tiie veioss . -
for one functlog par cirbon as described.by the sysiem hexeid. Accordingly, .

T - R - i
- “ B4

h
f
- -
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enecitl squationg heve been debemimd for the gomr t.x'initro RG('\IO Y g

‘snd

_ gea trifluoro (Hu?,) groupings. The incresse for the gem tri aubshitution
_over the wus of thres single greups im smali (0,74 and 13 for trinitro and
- trifluéro, respsctively). It might be attributed to fhe lack of hiydrogen
atoms for bonding which nomlly sonmmea gome 'arjergy, or to the erlorgy of.

. strain from inoreased bond length caused by repulsion’ ef ndAply blz!:.‘l.{ e

auctronapi,ivo wpcvpd on the 3aze sarboa’ atoa. ] ,,::

. N ’he difterance between the valuo for. gem dinif.ro @ah(.lo )
sum of ‘tvo wononitss-(R,CNO,) groups was so small thlpt 1t.could mt

nnd the B
dster-

minad whether it was a real differsnce or dus to .rreri in ﬂpar;,énul‘ma-a

- uremeit. A sepdrate.valus fOr gél dinitre-is net included, € eretore, in -

‘t&bla 60, - From the preliminary svalustion of the enhancement! effeet

P16~ FUDSLITULI 0N GUP1Ag “the sarly at;ugé ~of 6tudy ou the heal) ‘oF combusiion

‘of nulti-

o problem a much larger effect for botk gem.di- and trie aubauf.tution Vas . d.dvF.d.

~morée ur.isnctory equnué'a.

i PTG

!D.‘Conolusions R r

These origlnal couclusions haye bsaa diacz.x“dasl DN uzu'ar { idba prassat. .

[
f

[ ——

7
[N

HEE

From t!'- evidenaq. givan in this raport it u conclmiad thr.t. t.hg m*lud
-of caloulating iwai of cq};wtion from 8 strajght line relationahip vith molar ~

" _oxygen balance is wyalid and excssdingly useful. _r vhe many hundrads of com-

calcmum zreate: $haa 105 &re the follauim

-

~

P

aﬁfref rgn_trf-th.rw S . STkl
oc , ¢ ,oc-triflyore-3, ,-dinit.rotolaena '
2-nitigethansl nitrate

P o 7”_- IS 617 R

e ,u-picsumatmolmﬂe dinit.rat.e :

T T wrinatrescetenirils N 3 L

rrigllylpentderythritol trinitrats polymer = =12 7
pentanitroaniline B O & §

# ) 4 diffe.en.ce ‘
frum calcq. ‘

~-vpounds considered thw only.onss of intersst which are in diugree-ent uith

o

‘ret.ranitrcmetlnnq has reooﬂt].y beean. ng;u'nhod with, grast ac:;ms:y bv thei .

““Netidnml Bureau of Standards (83). -1t must bs assuwmed that this compound 1s

_unique and does not fit the general achexs of the caloulation method,

cf f.h‘e womd m.surea ma snouu be reevalmt de 2

<
.

askes deiermination of both these desirdble. p

Trifluorpe
-3,5dinitrotoluene ig suffisieitly divergent to cast aunpicion on- ha ddontily

. 2Ly~ "’Tinii'.rarouorcinol atyphiie acid) is only. z; leas’ thsn c;lczu—_
* "lated,and S-nitrasindtetrizole has never basen measured, but cwrent interest

- Tf _thus besomes .. P"s'“""‘ with $his . SyeusEm W GVAiuALSe @i scraen -
;rmwtioml groups for sultability in explosive compdwids by using & limited
~mmbey of ﬂOl)—axplo’aive, even poorly balanced, compounds without tha Vct»ssit‘

ldud danger of preparing Wéli-balandeéd explosivss fci sctual teztling.

if any

—— W

Iffinotional typa 18 found desirahles: thsn grestar expandiiare of affort can Be-

made to prejare ‘balansed coupounds by 1r...xfod|§cing primary. ploawlwriu @roupa,e

2 . LT = T
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othsr fields of acience.
mated froz existing data.

1. of J.nwsras% foxr ogloazvoa

The pregum. 1iat of féi‘sotiaiﬂl y‘o‘dpn ahould be extenusd, psrt:ly
for partiuulnr use ¥ith explosive compounds snd partly for genéral use in
.The cusfficients of mamy of thea can-Ye approxi-
A mora sccurate estimate of nit.roso (-RO) ehcnld
ba obtainad, and thc rollowing eh@uld ba coxmidaredz - ;

" il

- 2) azids w7 =Ny N e ) L .
b) 1,2,3-trinzole sad 1. e Ny L
. t"uaolc : _—-fi sl n—‘—a .
“ > b r P
d) triazane, pentézdisie, , and ;ﬂ"_VV-N-E;"-q- LM=MUEOESH. T etc.
othbr unw nﬂu-ogm Lo b - -
i. chains ‘
-9 0)_1;2,k, S-tetnzme And 1, ,3 b—
- tatrazine .
. :? o
1) azins.
3. &) hydrazone
B) imide
1) s-triszine
- 3 - —_——— B = =
T
3) imdne or amil - oN-
x) hydroxylaaine X -§-GH
1) nitrite -0%0
\»;n)”pomhlomt.n ester "=0C10, 5
(\}J = >--7: 2o va gensial Vbltaras“'" L ? o= i
.8 n) thiol o _-SH ) -
o " o) sulfide . 5 7
‘ i\?) disulfide =582 ot -
: < q) sultonic acid -SO,H " '/- e
£ =X x-iiloro -:'g-:CI
“ T8} brono ' 7 -<Br
t) iodo ) -1
- u) isocyanate . e
¥} peroxtds - CONFYDRNTIAL -
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F{)NE-TDE‘{TT" ' B
T 5%1 IRYTY IN’PO'?}‘.AT'ON ’ N :

E. Ruj.os and Procadyre for Guculatim ut of - 00=bustion with® Bu‘q:les

‘The present syateia tssoribsad 1n t.hJ.s repart ie base-d on: i
_asswmption, adequately upheld by experirsntsl evidesss, that tha wolsr - .
bheat of combustion of any orgunic homologous series bears a straight line - u
- relation, within an accopt.nbls limit of arror, Lo the number of atoms of
oxygen. lacking in the mojacule which are reQuired to burn the cospounds
T T to 004, Ha0, N,, HX, And S04+ A quick estimation of this number, called

__-the mslar oxygen baluz::, for the compound; C.H, N qur.,t can be wada by -

the equ.ltion' Oxy}en balance - 2(n+t) (n- ) - q. 7 . ik

crllmma s o b= JAngay equa bions - £05 & largs nucur—ox funstional-types nave vaem -
chtained by the method of least squares. The siope and intercept values .
) for thess equatians related. to the paraffin 2quajionas a thsis are given =
T 4n Table 60, and the laat of combustion daia -ussid far the sstimation ate :
: givgn in Tebles 61 through 138, At present ca‘cu]at.iona are lmlited to
"“ecmpyunds containing the grouwpinge given in Teble 60. The data were taken
from many sources, and the only correstion applied to the origindl data,
»a3itde froa correcting obvious errors, was to convert the results reg '\rted
-10 a badis of conatant pressurs, where necessary. I, .

;,ﬂ.mu?\mdamontal Rule ST i Se e e %
Tm = ~--The heat of combustion of & compo'unql 1a computed froum the ozygen .
balance of the compound on a molar brais end the equation drrived fron the.
.. sumnation of the slope. .mj intercept factors for cach supctural fe&ture,

: mclud.mg paraffin-as one of the featyrsa.ia every case:- hus Q!f -zs' 'y

i H!;iv,ch "- iotercopt, aoe.tficjm tor sach functional type.

h; S slaps coeff_icia-;_, tor _each functional type.  __ 7 . L

Z = atoms of externsl oxygen required for coubuation.

“ £ " The system, In affect, calculates and ap;:Los the equation tor the S ‘,’
TogeT T “hmlogous gexrdies which has the same funct.mml zroupa &8 the compound in /’
’ question. . 7 /

e In Table 59 a few emzples of the wiy ci‘ thc équation . lu.atrate ' [:
cube— oo ths additional rules which have been.followed-in-the Usrivation of the - - i
coefficients given in Tn‘b].a 60. Examples.5./end o.illustrate larger and more .. !l/"l

* -gomplicated molc'-nuaa ¥nicn can be handled easlly by the prasent system, . U

# %
5

4 ule,l. P P e

,'-Z“ "~ the valuss for ncrmal p..r .'fi 8 s =5,7- and L o= 52, ‘)d)f\aro alwa:}u
U part of the equativa, and it 1s considered that never more thﬁm one of t.ma
e teatux'e is ever presenh. = ) o [ -'.-*‘

CONPIDENTIAL o
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attached te a cyclio structurs the valucs for branched paraffin are addsd
to the eguatici, but never more than ons of thuse features 1s ever considered
.to be present. ;Thus benzene and 4oluene ars not branched, but xylene, - -
1-propymon50m, and hexamethyiol cyclohcxme mh has (‘ino bruxcbod p:..fﬂ.n
foatura. . (899 @xamole 1. Tabla.S9). N

o - ” - 7 R

Rule i.. B o ‘ : ,,?__7

S If & chadip is bra.ached, or thare is- more than one alkyl substitutent,

v .
iy . :
K i

" 1f more tiun ona funcuoml group of t.ho same typs 1s presentl tha 7
1ntercept. term- (a') is uultiplicd by the numsber of wuch.groups, but thy slope -
term A8 "th& Sare Ap 10T &~ 5111818 AN group. “THe om.y excepl:xona 31} Vm‘—'

--rulg are the normal puraffin and branched paraffin features. This ryle is . .
lllustrataﬁ in mﬁple 1,"1’5010 9 wild ui.x nitrate oy S -

7

Rulo »k- ’ S L.
i ' H'nan there ‘13 a cholts batueen tvo possibvle gtoups, the valt\es L
the _groap-which gnmur: later in the ubln of ‘aceffiaiant. .(T=b 1a:50) are _ e

sl o taken.” In example | ¥, Table 59, althoufh & formanice: ’CQ!L-.':. considerad 23 . PR
ST se==Doth an aldshvde and an amide, cq"y thy amids -‘u.nca #e tekon lu ordsr to
avoid. duplictting groups, Inoi.dl';ntall)&, the artds.wyalhe 1s about the same .
b a8 the sum of an aldehyde and ay amine, which is.the alternate choics that - -
dould be iade in the example S7jomc. ?au:aptiona to“this ruls of duplicatica
are the wea type of grouwp (-N/-C(-O)-l’-) nnd tho biuret ’t.ypo of group

f
(-.i-f-u-q-hr) both of vhich m »oaa.tdored to be d.iaﬂ,dea In addition the

biuroz g-nup Has an . gx!bup as one of the componenta of tha equstion, . i
ez - AB hoped ‘thut such questions of duplication; which arise only.with nitrogen |

YT containing coloounds. can ba resolvad or avoided bv use af hond contributions =~ _
rathes than group contributicns. This nly be m&tj ntar dg-tc. SN

i v Reles.. 0 i

Where a choice of cosffficients is possible, depending on physical
! |, state, the-ones taken arc thoss correzpdnding to the physical state of the
! lconpound under consideration. Scms exceptions to this rule are made in
{+ . Table 60 whsn one aet of coeffictents 18 less reliable thun the other, sucit
i - “&# ocid anhvdride (solid is prererred to 1iquid), ester,- mu‘“e, and
i “secondary anine for whicb 1liquid is preferred to solid. Senzene (sclid) and
prifary smine (solid) Are reservod fér hydrocarbon= and sromatic aminss, )
, _respactively. rivation of cosfZiciehts for the liquid and aolid phases B w
. " hive been based on normsl paraffin (1iquid) in all eae-s. afid-£.2 tas gas
phase hnvu bsen ba...ad oi normel pmffin (gss) tn a._l 503, :

) | COMFIDENTIAL
4794 © . Arthur D, Tdttle, Tue.
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Rule é. .. : )
With salis-of organic bases sad inorginic acids, and with hydratee,

an additional step ic required. Tho heat of coubustion of the component

base is calsulated independently, by the: genaral scheie, than added to the E

heat of combustion of the inorgenic asid along with tho vilus for each selt . -

link, to give the heat:of comoustion of the smlt, This !s illustratcd in

example 3, Teble 59. ¥or inorganic cofponsnta, juch a8 nitric acid, the

heat of combustion is computed from the heat of formation obta.‘mad frow

other ‘sowrces, A similar proosdure is adapied for saits of organin acfds and

inorganic bases. For ergaumic salts, with cirbdi-carbon bonds), the ordinary-

,ruleu for calculatian can be" follwed. (See cznple 4y Table 59)

- Por gertain nitrogen conuainins; groups thcrs aust be added t.o tha I
»om.ribu*ion given in Table 60 additionrl values for amine or hydrazing- Y
when & carbon-nitrogen or nitrogen-nitrogen bond has been formed by su&sti-
tution, 3uch is the case for amide, hydrazine, hydrazide, azo, azoxy,
guanidine, tetrazole, nitramine, nitranida, nitrosamine, and nitrosemide.

Thuy a primary nitramine iz considered.to have both s nitramine and g primr’

amine cantribution, and an N-substitutéd nitremids s)se has-s prisary smine =

com.ribmtion. To caloulrte an organic azo commound. HL the type -Av.HeNAE

two prifary. amtne contributions besidea the azo0, arqtaur and paraffin

features must ye included, AS in examples 2 and 3, Tuble 59, an H-substituted

-amids or guanidine should be considsred to possess a}:proprute ali.nl :saturu
Lin sddition tc: th.o ::I.de and gnmidina contributions., I 2

'j Rule 8. ;

I

3

L R Y

. I‘o; uonpounda which nave tunc(.s.onal uoups not qoverbd up-cificnlly
in Tatile 60 appr oxipations somstimes can Uo made by ueing values for a closely
related group, Tila rule may be applied particularly to the ylvsicnl atate
“aspect. ;, Little error will ne\;nr.roauoau in most organic cu-pouuﬂs i ousy T T T
value“for the liquid state 18 \@ed ror eouca, and vica veres, - \5ee nuim 5.,
Compounds containing other sir Mw;l featuces cmmot. be estiuatad at- thu

' tm, P s

UL O

NN s ‘r"

T o 'lhe’lcht.l for honologoul series of comoumis 1., the sams phys cal ~

- state gere ysed to estimate ths best straight- 1inc. In ssversl instances

’ 1Y dataiwers availabls to give squations for-moro than opna physicsl
'; ac@owd{ containing a givaen finctional gx-oup The differeres -
oﬁtwq,pn mo eg=tions, Wien, weuld ve the beav of fusion orF heat o v-pm‘;-
zatidn Cor thp homof wictionsl types. -~ Tho differences due to leat of tuion-
Cororganic damoommds are WAl paz*ucuhrly for the less polar types, but
3 it jie felt tfiat account.shouid Ga taksn.of this fastor.where it is pouible

’ to ‘o 30, reducing at leasi O $0UFGe -6f ITOS. Hovever, the mor of -using
uql..ld daf-h for aolid qpnpound.. s puu. S LE :

e

I

|
~
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TABLE 53 .
Illustution of Hut of Cazbusé iGﬁ Galénlntim

.&n . kZbl

i . - o B ’I,
.- y - b

1. Hawutmuolbanzene bam;g_ ats | =z gﬂamoz
(153) E IR - .

Do

- ufmr;mmmm‘wwwm

o,uoca,—ci/ \o—cn,ono,

o L - .' ‘ o,uocu ',SJ /-cuawo,
b i e TG m
o3 QG (oke) = 13962 keal/sole Refo 71 % - o et
. —Cu“;zNaoxl\s) b On—.n_z €O, + 6 HaO Py 3 Na L = o S R
. X = 12 - ; ‘—-:.:’—-—\..,_:."_:-m- LT L :
i = — TRV =TT T

1 - . = T
i_ 1 normgl paraiffin {1lig) - U + 5.7 . +52,03 (Rule 1)’
. 1 branohed paraffin (liq) « «3eT - +0.09 (Rule 2)-
= f 7 1 benzene (liq) : y STt 21041 . +0.07 (Rele 5).
JF -7 60NO; (8) 6 x 128k e - +770.4 + 0.53 (Rule 3)

W e 7623 + (12, 0) (52.77) = 1395.7 keal/mole ~
2, Dimthylforunids : _ 7 o uc(-om(c H) o

™
'
'
'

';,él

( obs) not. x‘ound

LH_NA l'u..\ PO 14 n_.p: s IR WA . e T e
J. - - o

NO-{233)-+ 8.20 Oy o,
. - .
X = 8.5 . oo . .y

-

:—4 ol U D8
1ﬁ

at R bt
{intarcept) (slope)

i

1 normel paraffin (liq) R -+ 8.7 +52.08 (Rule 1)
.1 amide (1i3) R 1Y v 047 (Rule.l) - .

-1 second.ary amine (liq) -~ .  +18.3 - 0.12 (Ruie 7)
Q*' (calc) "= 1B.L + (52 L3) (8.9) « Lou.: keal/mole :

j.'mmncgtummne hitraie T .o ) h!-lzlﬂC(-NH)HHMi,-sta

(obs) =329, 8 kcal/mole (59) . L
uH,NGOJ(a‘ + 18 000, + LHa0 o8 5 Ny R
X = 5.5 (for dmino;iumum; _ ' o " (Rule 6)

* 4t
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1 HNO,

~ TABLE 59 (cont’d)

. Vaé bi
{intercept) (slops)
1 norml paraffin (1iq) 5.7 52,08 (Rule 1)

1 guanidins (s) R 0.7 « 0.46° (Rule 7)
2 hydraxins tonds {s) : 65,0 - 0,10 (Rul- (p)

Q@ (cale) = Tk + (51.52) (5.5) = 3‘0;.8 keal/mole for dh.ninozmnidim
1 3alt Unk . «1k.0 : (Rule 6)

X Yo rl‘ -
QF (calz) o 354.8 - m.o - 7.2 = 333.6 keal/mole foo du.niuugusnidim nitrate.

Carbonydrazida ogen ozalata NH, MHC L0 ) NHNH» (COCH ), -
X = 5,0 {for antire molocule) » (Rule 6) -
~ @ (obs) ~ 31L.o knAl/mll Rata %
-t
c,x,u‘o,(a) s 2.5 043 co, ‘U HO 2N :
a' . . bt
, (intarcept) . {plopej
1 normel paraffiﬁ)-(l.i/q) + G.7 +52,06 (Rule 1)
2 hydrszide (8) (2 x 28.7) = o57.L « 0.09 (Ruale 3,7)
2 acid {s) (22 -3.8) = , " 1.6 - 0,01 (Rule 3,5)
1 salt -1k.0 o - (Rule 4)
© @ e L5 ¢ (51.98) (5) = 300 keal/ms - . -
Uitamin A (ﬁ‘mf‘nn) P CHa H-_-" ) )
' Y4
SNV ARAN -
cHy c- cu-ﬁui:-cncu- -c-t;#,cu,on
L\
~CHy FCHy - . +B3
«c,oumo(s) .27 o,—-"» ’o f.o, c1Ho
. at o 'Di
x = 5L E g I (intercept) (slopa)

1 normal paraffin (Ué) 5.7 T52,08  (Rule 1)
1 branched pararfin LLiq) . ~ 3.7 +« 0,09 (Rule 2)
.1 eyclehaxene (11iq) 7 ~ 7.k 0.00 (Qencral)
5 normal olefin (d{l S x {1h.2) = +71.0 - 0.01 (Rule 3)
1 prymary alechol {iiq) . 3,2 - 0.05 (Rule G)
Of = 7h.A 4+ (62.11) (8h) = 28387 Lgal/mels :

"‘I'FIDHITIAL
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A AN o 7 4

6. Phemnlinhthalain

I —

Cao”l‘o‘(!-) ".21"5
—- ¥ ‘- B -

1 anvmal paraffin (11g)"

TABLE 59 (cont'd)

1 brenched parafiin {1liy)

3 benssnes (liq)

2 arcamtic hydroxyl (s)

1 ester (1iq)

& =150 (51.53) (W3) - 2230.8 neil/nols B

. i, )
:
1 -
l,
e
.

— SRR PR AL,
L

(Buis 1) -
(Hule 2)

(Rylm 2) -
(Rule 5)

il
N
AASPYIEMRETA Y
CORTIING I and,

. Arthur D. I.it_i'.le, Ing,

7 (Ruies 5 and 3)
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‘ “EABLE 60 :
COEFFICIRHTS OF EQIATIONS FOR HZAT OF CRLUSTIN
, 4.{; sdat + 221 _
¥ormal paraffin (- | 8= 57,0 - 52,08
Mormal psraffin (g as550b - 52,L6

.' . . R at - b" .
Punotiensi Typa (drzercept) (al?ge_)
(R=aliphatic chsin . o ' -

. or hydrogen . R : .
Parsffin byemcaed (1ig) - 3.7 “0.09 - S
Wolopropans (UQ) ... oMk 0L Gty

Orcloheptane (1g) . Al ¥ . R fa o

- - . ~ 325/ . ’W‘f'n L
. : L I

Olefin )
normal (11q) o 'olh,éu --t'.).(}].a B
" normsl (gae) R 2 1Y 3 Lo
Acotylane s .
noraal {14g) +37c3 0,00

| CONFEDEATTAL
Bl 7 Artbwr L. ldttls, Inc,
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iju: tional Type

‘Benzene (1ig)’

(gas)
ca0ldd)

Biphenyl (ldg) =~

Time e T - it

Naphthsicno (s0déd)

mized (solid)

Lrozutic hyéroxyl (solid)
. Stawr (qu?

(gan;

' Oxtrane (sthylens oxdids) -

(11q)

Fuwan (1ig)

- < v D R C e AN R e ie
FUR raan 1B me m——— e -

TQBLE &0 (coat'4)

&l
(inieccept)
-20.1
- 7-&‘;

'16:5

Wizing T

b*
(2icpa)

. 40,07 -
- o.082

[T Y P SO R T YN

'}1 o3 "o.} 7

i

TSR FIOCISN'

itwubm'v

) i Y

«1.27 S - -
A B

0.8

1 Lt A TN S 0 et 1

Srthur D ldttle, Inoe

aifipiadimb.

Aldaebyds (11q) J1.8

(gus) +20.9

Ketons (qu) * 505
s
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FABLE 50 (ocont'd)

3 e

- &t b
- Puactional Tyme {Litercapt ) (slope)
“keid (11q) - L7 +0.07
 (sola) - 3.8 -0.01
. 3cad anbydride \liq) * 9.2 ~0.03
7 ’, - (solid.) + ZQL "Oogl .
Ester (nq) +16:1 Ol -
PR, “01-1‘3) +16,1 =0.82 _
Nitrile (liq) + 9.3 ~0.01
{solid) + 8.9 +0.29
\.art(ylamina (Iaonitrile) *26.5 +0.57
- 1\1‘\ _— s — LR
bt ¥4
Amins o e
T Uprimary (14q) . 01?3?3 -O_‘jl
_primary (gas) ol&.or‘ : -O..;Qf
prirary (solid) + 4.3 -0.08
—.a8ecoiaary: (14q) . #lB.3. ~0,12
-secondary (so.td) -Ll.98 1,828
-~ 0 tartiary (113} +20.5 40,08
‘_,,m (1{'-]1 h - 6-5 +Ca57
= T _(me1t4) e 8.0 - 40515
' ;.uydz-azm. (so;.;d)n +32,5 =0.10
Hydrazids (solid'}h Al . #30e2 -0. 15
— tzs (saug)® o 38,4 4Gl
izoxy (solig)l +32.5 sl
Guantdine (solid)" + 0.7 -0.16
. Tatrazols (so R N-Wyd +0,32
Oxine (s011d). S5l  -0,12
Nitro ’ :
- alipﬁat“ (llq) © w3l «0.38
— - elizhati ‘ 92,8 - 0,65
aro.-ati\. (Liq) +37.9 =0, 39
arcmatic (s0lia) | $92.2 -0, 40
©L86.

RCOOH

RC=0
\‘

R
rRé-0
BG(=0)R -

a0, - e

U (Ryn) M
(RyCyH
mole-

—~ Ny~
RC\-O)N—N-
t 1

(PPN £} o

N N

-)'.‘-C(-h‘d)l"lf"_

0o LT

) ";!.!_ "
H=§"
HaCeScH

RGN0 o
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TAELE 60 (cont'd)

- o TR
Functiona! Typs (interpemt) - (alome) . . o .o
Gea trinitre (114) +292.5  +0.29 - RC(NQR),

, , (asita) +288.2 =032 A

Hitrate (11q) 29, . 40,23 B, 000,

(solid) - C e128,1 “.s3

Nitramine ('somnh ¢ §5.3 0,81 o,

Nitramide (aolid) - ¥103.6 +0. 10 BLAi0g
- R ' o e
- Flugrine (l:Ln) =

(soxiﬁ)

- Qw t.rmuoro (I{QL

Hltrosn.m “(se11d)”

" hq) )
‘miophara {80144}
)

_Salt formatjicn .
Rydrats formation

a) _Based on normal paraifin (gas) vulug.
) For hydrocarhons only.

T

":4 ‘ﬁ\.d}&

a) Froa dibasic scids, . : - — E—— I

- d) Based on small amount of data and not as. ruliable as value for solid.

@) Bassd ou limited amount of data .and less. #3lisble than valus for liquid.

7 Prom aromatic amines orly.,
z) €T quastiorabls acclrscy. Based on liu.itod mun.. ‘ot deta. )
h) Por substitusnts on the nitrogan steals); 242 -p,zrvpriafa bmd-group valx.as.
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i. decope

: An gcttempt has beer made te cbtain from- ﬁhn litesature, open and
classifiad, all hests of cumbustion which hava bean rublishgd batween 1929,
when the bibliography by Kharasch (55) appeared; «nd 1951, Huch of the
matarial fowri apnaaws in Tahlam 6 throneh 130, the cminslions bai ng oo
pounds whdch do not £s1l into any bo:w;.ogeus saries reported t.hero. With
:aoke exceptions, notably in the nitro snd nitrate functions; heats of com- .
busticn before 1929 which hava beon used sre the ones as given by Kharasch
(55), but ail of the haats repurtsd by Xharsach havs not beea used or
reproduced in ths premont trsatise. However, all known heats of cembustion
. of orgenic ccapowmds containing the nitro or the nitroso group attached to
_‘carbon. oxveen or nitrogen have been includad in this report ewen though =~
there is duplication of ceapounds, ) -

The prirary source of the cpen ii_tart't.ure r!ata'wes_ Chenlcal Abstraocts,
for the years 19¢9-19¢1. In many cases the ariginal publicatioa cited Ly

haes . A mbr_ . wwa ----.10.4 Pars ancm Tmatd an ol oh. sutharia. un'-l" bhut this wss .

- |
Tistme muSule e TEW ave - Dvealugm wa Wi Ga— S\ eI- 2

S AT e e el AR
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Tot & universal rule. Classified literaturs Goverad 3rciuded OSRD renpris of

" ‘Diviston 8, SPIA/M) reports, Picatinny Arsenal Tochn.‘ucau. Beports, various
currant reports of Navy installations and coniractori, and origival work dons
fer Arthw .- I.iti.lu, Inc. by its subcontrsotors.

2. Method of Obtgmng Least Siunra, Fquations

The oquatien, Q’.’ -z « bz, was obtained for tiie paraffin hydro-
carbans from the forwmulas:

[P L .

"’cog_:%:zc'zﬁ . : o ,

as fx-b gx

n CR L - [

i
;
n..

;
il

in which x = molar - :ygon bt.]duce ’
vy =_hesat of combusti an _at constant nrmﬂ

- 0 T-

n = number of 1bss., .

- The equations Ior the raaa;ning honologous sories were oblained by

- tha fermulas from what might be called "reduced data®, i.e. the va’ s
of rmming after subtracting 5.7 and the contribution of functional :
o in thg molecule othar than the one being processéd. To obtain x¥ and
¥' for least squares computation the reduced value for and ths molar oxygen

i .
; e e O e Ay

A woaland

balance of the comnsund w4re then euch dividsd bty the maibar of like functional
groups which were being calnrulated, .- Thus the zguations were cbtained literally
for funotionzl groups of a aingle type regudleu of tho preaence of ofhu'

ssowps-in the. "-=sctma.l. Thir approcct: =liowsd the_use o & lavger body of

avalisble d.:t: Ayan poseidle 1 only uie dite for pure, howo

haed te be ua .

£ annt

1 ANt
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¢ il nest of hy&'-r.iou “is dsterndned as an average t-on pain of daun
for hydrates and the enhydrous compound (Tal:le 13L). The neat of. &34 forwk-
tion «ae obtained ap the differsnce betwean ths hsat of Jorpation- ‘{oF cos~
Quotion) of the. sali and the'sum of the heats of forwation (or cmbuum) B
gfmmicns}m ch";"OL\snSr:ﬂiLMMl. (I&Lle 138)e. - Cm e e

e -AL.%"—_.v-,V T A

B U MBI sT - Wosd] A gD LI, MEBE: M e $0 -

. 3, .&rrangazent -of Heat of C'ubust.zm Tmte

fables 61-138 contain the dat.a of intarest to this pro.}er:t. They
have been erranged in general ardur of incraasing complexity of fusiicisl
type, eliliough the equatlcns wars not all dsterminsd in lhe o2 rfx in vhish
umy appear in the tables. The columis ara .atf.-:plarauozy. Tne ADL

Smmad &m Bamd T @ Ak {80 cmd o sedamdnd
NUmEbETSs are thoEs &33ASnas 8 RSTVT 1 ST wias Tsport (&) and a5 ssismdad

in Table 139, Many of the coupounds have been resamed hsre to confairs to
Accsptad usdgo wHich avolds ambiguity. The mszcrs ox'iglnpn;r usigned
in Part I (69), however, havs not beea cumaed..

Each of the ‘mblv 41-1368. abows the saustion. tor. tlu hwxolegous
series representad tnd the swssation figures for iis dsoi ivation. A1l come .

_busidan dctn ahawe it vena vusad fee 428 anlanlaotlion,.  Tho ntnhn&t.ixm atrs ,',:L"i'!

below the squatiori wevs nct used but have tmen b_‘,cluhd f(lu' camilatensss,
cr becsuse the dals are psrtinent Lo tha £ield of explosives, An occasional
entry rade below tho aq'.mnlcm s fowsd tog ‘{a te imllﬁl i&m ———-

-ud9- . Arthur D. Littls, Iac,
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G. storical
thods of @élculnting euts of forwati
organic compouiads have boen wsed £ mn;ag yeirs.

four general types:.

- 3 - AP aem

i ena of \.Gauhauu.&u ivi

They can be div;ded into

1. Mathods of summation, using bond, resonsnce, &nd aroup ensrgtof.
Tnese generally have & sound basiws in theory and have been uell-developad

for fairly wide application.
ations of chaervad thernczhemical dats.

The energy valuss are ‘cob&ined from c.c.mider-

2. Hethsda of s'spation, usiug 8 bays value to uhich are ndded correatmna

“for subatituent functional grows.
on obsii7ed data,

These are generaily ezp:rxcaz ana oased

-3. Hethods based on linear squations obtained frosl relationships between

“‘heat valia and some intrinsic featiure of & ssries of homglogouz compourds),

" guch as number of carbon stoms in the molecule or parackor.

"7 A59) to heats of ccmbustion.

L inkb

e e — sl dl b
of Permation To T=iucs which colda-by

Thess sre -

‘empirical methsds =3ing observed data but of limited applicability.

.‘_il
ﬂ\othn}.. :
‘unsuilgble for prodl

,at.ruct.u:'" . MR I ECC

‘.'L. Msthods of Smtlon of Bsngd mergies

 Mathods 1nv,1v1ng effeots observod upon substituting <ns growp for .
Pnsna h.lva baen widely usad but sra nxtrmulv _1imited ar . cuﬂmlnt‘],y_, _

l.f.ion of thamchuica.l prope:tics of oo &7 zak’miu

[RO A

e

[

= The wathod Hhich has probably-received tho groatest popular a"t.nn.,mn
“71s that baged on the additivity of bond ensrgies us cutlined Gy Pauling (39) -
_ for heets of formation, and expended and extended by Wheland .20) and Klages

5) -

'u,y nichuisq and Rosaind (

ulues for different rasonan
I ST L I

[rrepetvigg v

R )

- The bond values given by Pauling (89) ware
-daterzined from thermochemical comdera:iuna of s-i.d. ‘molecules as glnn

Whelamd (20) in exnluining the theory cf resonance and comparing
wint surusiures, conve.-lusd Pauling's bond cnergles

Ai mmbd e ld -k
Cuw pourry iy B ve =y} ¢ uu—wuu‘vu._‘

. —~—t -l

o twmad

Kagey (59) later impiroved the accuracy and eddéd to the values of h’hehnd,
enlarging the scope snd applicabiliiy of this a:;st.e:.

Springsll und Roberts (130) .cbtained a sst of Lond, raScmnnce, and

group energiss for hest

o

Founds contelning carbon, hydrogen, nitrogen, and oxygen.

< of formztion especially suitable for explosive.com-

rauling’s boid

enarg,ies -vers taken as a basis, snd group energies were determined from known

hsats of

fur.pstion for 2 great many exploaive ccsmounds

) In the presenf continuing mvestiga-,ion it vas folt that heat of
combustion was a more valuable and acceszible function than hoeat of formation,
Part II of this report by Arthur D, L.btle, Ine., (70) presented bond and

grow energios fov calouwlating heats of cozbustion which were doternined for

the specisl ficuld of wlos‘?ca aleng the lines of Spring‘ll and Rob:rts (1}0)

~L0-

CONYIUSTIAL

Arthur D, Little, Iuc.



i - TATTRIT T s s e . B O v e S

vt m o Ve e T T I L T T T TN D SR e e i

CONFTRENTIAT,
SRCURLTY IHROMMATION

" Anderson, Boyer, and Wetson (3) roporied a system of gxoup contii-
butlicis - for calculating heats of formatica, entropies, and head capacitdos
of organds compounds. The devalopzent of thelr system was tasod oo Sheorstical
cargidaration and “heats of atemizstion”, .

) 2 R K ) N 4 A BTN

A1l of thesc methods, except that of Arthuwr B, Littls. Ing., sz
described in Purt II {70), produce results for compouhds ia this gasusus stete
ead sppropriate cerrecticns must ba assumed to convert thes. to valies for the
standard stats of the nompounds of which the grewi Wajoxity afv 501id or ltgwids”
41} ths preseding systexs of bLond and group energles beuoRd sXcesdingly Aiffi-
cult to sppl to complsx groups and heterscyclic atiuctures, ' :

" A good discussion of the early melhods proposnd for relculmiing heats
...of formation in the gacaous state from bond cnergiss 1s given by Rossind ( .
"7} Mjor contributions to these wethiods, hesidas thots GIBCTioad GBOVE (3, 67,°130),.

.. havs basn made by Akuderssii and Cilbart (S), Cosies and Sutton (25), and Cole = .
£1d Oilbert (25). Resonance ¢nergiss of ring siructuras were introduced into
the aystem of ‘bond eamrgtes by Wislaad (20), and sdditioma} wslues bavs bsen -
- obtained by-W1lia (2,.151) and by varkars at the dexal Ordpance Tact g it o

8. .

g

e

o . . - . i = 3

|
Supon

L Efforta to inprove ihe acturdsy of caivulated néais of formdilon have .

bean made by laidier (62, 63)-who nead » ——tom gimilat to Pauling's and

Wheland's but bassd it on bond strengths and "heats of etomizatdosn.¥ Laidlerfs

;. method sulffers from bsing too complicated for use with polyfuictiomal compouads ’
and the accuracy slaimed for funotional {ypes sther than hydrocarbons s mis-

H leading, since values given are bazed on a limited amount of unconfirzad data

; in the early literatyrs, Othsrs hzve sttempted to apply group cuwatribution

i msthods to hest of formution taldng inte acvuunt meighboring effects (37, S7,

© 1’7). -Theas ars ail rather theoretical trsut=eats, Platt-{97) Vixiting his
calculations to paraffin hydrocirbons, and Souders (127) to hydrocarbon

: vapors. Franklin (37) attempted to includs meny of the mite co.sea functiodal

: groups but uzed very limitad dsta_to odtsin his figures, Hiz Suyggestions -

- e iy i A mar 4 o meaB e AL L el A ae S i e S aeewen o~
Wa. eliu sy GUTICUll WO apply 10 CoipidTatsd configmotitone,

L Stern-end Kieba (131, 132), fros s study of hoats of cambustion of
pyrroles, deterained thermochemical characteiistics Tor a larges mrcer of
coamon functiomal groups sttachea ta tha hatarocycliz nuclsus..

. Of wors theorsticsl intarest are tho investigationy o bond strengihs
by Cstrell and Suttsn (30), “slwh (150), and Siiamer. and Springals 137%),
Cotrell (28} also calcuiated Linding enargles of hydivcsrvons and reswmance
energiva of simplur arcmatic hvdrocarbons. Roborts and Skinner {(112) daorived
heat= of forsttion of & nueber of aliyl radicals aud resciance energiss frum -
therml and othar data. : - -

e SR

91~ o Arthur D, LAttla, Igu..
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‘Mathods for calculating haatp of formation frem strustusal growps and

“moleculay formulas, eaploying standard equaticss, have bees suggested (19,

22, 105, 105), and heits of combustion have been cilculated by similar muthods
(20, 21}, 411 of thase r.sults ware limited %o gaseous hydrocarbons.: Ansther
authos (42) sdopted 3, the lowest even calculsted valus for bond energies
published, ¢» the unit of the chealcal bond amd caloulated hzats of formation
from anerglos of all othar bonds grouped as multiples of this unit,

. 2. Mothoda of Swrwtion usiny & Rase Value Pplus firoup Onrrections -

- . One of the best and mcst . ‘sughly describsd methods for caloulating
heats of coxbustion from the stiusc v an organic zospound iz that dsseribed
by ¥harasch (S5). Xharasch and Jher (46) have giver the background nd basis

_for hip method of calculstior which depands «n 2dding fhe nusess of -alealyciw

in a Bolscnla wuliinlted by tis soxbustion value of Gacn eisciron, to tiw -
cosredtions far sirustwal and functicnal foatures, serojet Corpe (1) his
extendad the gystim to iirzlude primary plozopharic types (69) of compounds.

The method 15 mom: 2=piricsl =n4 less theorstical than thoso deascribed previ-
ously in this report, 2nd in general gives good agreemsut with observed va.iuss. .
Ths piaysicel siate is liquid VHiéhH involves fawi.s corraeotlcas and assumptions
10 colpuls valuss for most compounds, It 18 noi adapted tv ieierocyclic com-
pounds, however, and dees not always vork wall with tho mors complicated func-
tlomal growpa. ) . o - ) STl

3. ¥oUnds Dased on Linsar Egwations

the Kharuzgsh ¢heciy of molar sumstion Lus baen nonverted to & weight

busis (52), Hesults are sxpreused in & uniqud sexries of graphs for & single

functicml type, with heat of combustion plotted against pescent carton in the
compounds, Heate of combustion any formstion gi'e tabulatad in ths fora o

) 'l:"f—jgenex-‘i equations for tho diffurent clesses of compounds, The method has mot

bean used, however, vwiih poly- =nd heterofunctional molscules.

Ons author {A8) haz atisapted o wsiabliimh a raiatiananin hetusen

. atomis numossr, affzstive nuclear charge, asd heat af combustion fo: compounds

wontaiming C; H, and O, and another (L3) has proposed s relstionshlp between
heats of corbustiun and camposition of organic compounds by use.of a single

~2i=pls forzulai It is not essy to ses ivw thesé Systess have gensral apl” Lw-

vAs ¥uluss of the yeractc:s and the heats of cosbusiica or formation
of urganic compounds have Uesni carrelialed by a etreight iine ralstiorship (93).

The values of thét 3lona sand intersent use A4PPcont Pon tawicus Nomiicgous
series snd classes of compcunda, but it is claimod thoy cen bs daterrined eisily
if the valuss of parachor uand ascmbustion ars Lnown for one of the repredeniatives
of & nomologous seriss., Slana and dnderscck wuluss for ndnc hemglogsus ssdics
oI giis Savisiuiiury agretiuNc DSUWESH exXperimental and calculated vaiuas

—a e gavweie

is 1llustrated with saturated alcohole.

CONFIDLNTIAL

-u92« Arthwr D. Littls, 1lnc.
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g‘ Hukerous srticles hive baan :xuhlianed giving sapiricel xethods
¢ for caloulating hoats of coabust.io:n frus ‘observed data. Heat of combustion
§of successive =s=hers of hawoiogous Series have been ocbt&iigd by Verkade

j and co-workers {i'os which was celculsted the hsat of cosbustisn for the
mothylens (-CHg-) group. Thus the siraight ~hain dlcarbes—'*s acids (U4)
and their dinsthyl eaters (1L&), ths hozologous normal prisary sliphatie

- aicobiols. (1), and cunoaikyl-suwatituted malonis acids (1l5) hava baen -
stuldad. Ranmwe und Porke {11} &d Such the sams thing for parefiin Gydvo-
oarbons, Schianberg (123,' calcu.hted tas energr of clesawvags of the C-Cl
link 4in u serles of &liphatic monsearboxylic scida zad tbé.‘Lr aetars.
relating it to the cha.n,zu in position of the halogeu. )

Roasini and co-workess applied similar techniquess Relatin~ the
. nusber of 3aThoi stous in a seriea of normal aliphatis prisary alcoho.d t,o
! {hedr heats of ggb;gsim he found that o sivatehe Ifxs would sxpress tho
__heat of occzbusticn for : omh eager tun pnt.aml fu.a). Tha eguation
| given is .

[ R,

Qc - 21.60 +* l&.".m [} ) (p-'_wu. ”Eét_.) o
o 12,00 + 157.00 a. (1tquid Ltate)

" in which n, the number of carbon atoms, must ba greatar than §. Himilar
. equations gpplicable to the esiivation of hsats of camdustion of paraffic

| hydrocubou veze calcu.utod (103}, giviag
' qc “~57.909 + 1ST.400 5 (gaseous state)
= §7.130 ¢ 185,263 o (liquid states)

- in vhich m, again, i2 ths nu=bcir of -carbon atomd, and is greater than 5.
. An equation obtained for allylbunzenss (100) is:. ; 7 .

Q, ~ -158.990 + 157.4l3 n  (gaseous &atc)
inuhic.hnuthomi:uofwbon&tm,amuuduwmnmr R

{ from the parcent of hydrogen has been proposed retently (53a).

Tantia (AEY meva =iraight lins equations for caloulating heats of
compustion of olcven homolopous series af compounds with conmonly encount.red
funotional grewos, Agreemcnt with observaticn s good, but no attespt was
meds to ezpand the zystem to poly- or hetero-funciicenm: compounds, For oilcu-
iating keats of fovsaticu he gave a treataent similar to dugusii’s Dasacior.

Hcolecowb and co-+orkers found a str-aight line ra.utionship betveen
oxygen b-lnnca and heat ¢f combustion {on 3 welpght basis) for nitromiiaues (iw)
sad later for mitroslcohels (3ia’. Earlier a ktrajoht linae "1&’4&-!-_4_: vaas
reported tutwoen the welgnt heal of combustion’ ‘and oxygen balaly of exploiives,
in vhich different iines were found for differént types (235). The valua of
substituting an arcmitic allyl wlher for an uro\utie b,ydrx::yl group in explceives

wis also determined.
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i A streight line for approximatiing the heat of -combustion of guolinu T
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L./ Notheds Baae\g on urou_s.xbuitutlom

One of thii most comeun metheds of rredistirg heets of formation
and corbustion is ased on the eff=cis cbsarvad g substituting one group
for ancther. Althpagh Srsnuent publicsiicms havs Leen nade comparing classes
of compdunds diffaring only in 2 single fuactloasl grow, pradiction of hoat
walize is J4mitad uo avoh sownardacne. apd has not. ganarslly heed axtendad
to prediction from udditive shuct.ml features, or to unlascun compGuiids .
Thus Swietoslawail {Svyantoslavakii) (135) obtained themmochemical characier-
istice of meny growings including -NsQ, -?-?'i-, -Nwd., and -NOz. By a similar

techniqiis tha effeot of a nitro grouwp on heat of combustiun has bezn found .
from & study of aromatic nitro derivatives (137) ancd thesre has bewn calculated
ths hsat.t. of ¢ombustion of certaln grows such es zwboayl, hyuroz;yl, olc!i.n,
&G, (12), & #eries of Fwans ond Geniedes Las beon camparcd {sh§ & study
of furezan and furoxan cospounds (§0) showed a relztion similar tu the azo
and azoxy dsrivatives iiccording to TaMoult (67). Ths cuatribution of tho
oxime group has been cilculated (31) and erergy changes in the formation -

~ of chelate rings have bsen mvasured (17).  Badoche has oorrelated the ax‘reots
-on heat of combustion of introduciug nitro groups into the benzens Fifg (3);
of introducing hydroxyl and methyl groups into the tenzens ring (9), and of
imtrodusing hydrony) goups inic the bensens winz (10} almes. . containlng
nitro groups. Hatigsoh investigstad tha dt f'g:mco betwesn & nitross suotd-
tuted on carbou and on nitrogen (75) apd applied the information gainsd from
the éffect of adding a methyl growp to a nitrogan atom in cyclic weas to
deduce and establisy formulas of constitution (74}, 1he effect of iniro-
ducing successive mtro gumps into arwaatic riogs ir.d the .ulationship of

{110).
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1. Glossary pf Teriis and Syrbols -

- A fmmtiml Zrouw 18 =iy eubct.ih ,nt for s bydéo('&n of & norsal

I ﬁdmrmptiousl cgound ie cis ccﬁtainiﬁg a :ii:,;le fuotionsl

Euiszu,u*oral compouul cont.un: soru t.h.m ur.o fumtiome. eraup

R ey

whacn ﬂj’ (=2 .unu (TP - 3 . ST —

- aa

o A hgmslaibicnal 00&__52 conuina om;v oDe fumd Livimi qpo and
WAy be elther »ino. or puiyfusticaai.

A h-t,rrctumtio 1 compound conmm nore than ons functioasl tyre
and is noceasmly pel,-x unctional.

Holar oxygen balsnce.is eqml to the stcms of external wq‘en
{ rejuired 1o complate:ine combustion of & soapound to sarben dioxide, water,_
| aud nitrogen (ead Lo hydrohalids and sulfur dioxide when X nnd S are present).

( ?,. = heat of.combuitica (H,0 1iquid), heat evolved; \\r. of P..rt X
Hef., 70); -&HY of Lmtis snd Randall. i

T lwerucnpv. p-=-constant pressurs ss-in Qg— ; T
nperlcript. v o constant valr-ii &5 io QZ -

- mam balance on a -ohr buu

:.‘- = diviced by number gg_hohcf*‘**i»n:\.. groups .

. o P :

7= G

y'e (8% - £.7)-4tviywd by nambar oi homofunctionsl groups

e

a = intercept of a homoiogous serias; the valus.of y when x = 0.
For paraffins the inbcrcept‘ in 5,7.

: .
b « slope of & homologous series; or Lg ﬂ .

Por norsal w;ftina {(l1q) tos ulopo is 52 .03,

a'= {a - 5,7) for liquid and solid s..nt.c, (o - 5.5) for gas
otate; the valus of y' when x‘ « 0,

b'- (52.08 - b) for 1iquid =snd uo‘.LLd -tat.e:, (52.48 - b) for
' gas atste,

i.
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J. Heat of Combustion D2 in

Table

61 : Bormal Peviffins (liguid)
£2 ¥o¥ual Pararrins (gas)

é3 Normel Paraffins Hoat of \?ep-:»ri_utifm at 25
6l Brancked Paraffiue (liquid)

&5 Cyclopr opanes (uquid and solid)

BRCV I u,ubuuuu-uvo \u.qu.uu o
67 © dormal Alkylcyolopentanes (1iqu1d)
68 Nermal Alkylcyoclohsxanas {(liqudd)
69 Cycloneptanes (liquid) .
TG 77 TTOiher Ssturated ilicyciie Hydrocarbonﬁ
71 . ommal Olafins (Mawld) = . _
72 " Normal Olsfins (gas) = - .
-3 Branchad Olefins (liquid) = .
.o Tu - molafius (liquid) g
o Normal Acstylenes (liquid) -
76 Normal Alkylbenienes {liquid)
A A - Barmal Alkylbeus«nes 25‘53)
() © Normel Alkrlbenze:nes Heat of Vaporiszation
A Branched Aliylbenze.:os (liquid acd lol.id)
) "L Pelybenmsenss-{sc13d) -

Binhenyls (li?uia)

o= Exghthalanss (solid)
Primary Alcohols (1liquid)
Prixery Alcohols (gas)

85 = ‘Secondary Alcoiiols (1iquid)

86 - ~ Tertiary Alcchols (liquid)

;87 _ Mixed Polyalcohols (liquid)

88 Hixed Polywleohols (e0l1id)

;89 Aromatic Hydroxyls (solid)

+ 90 Ethers (liquid)

Q91 : Aliphati¢ Ethers (gas)~ -
92 ‘Oxiranas (Ethylens Cud.du) (liquid)
93 _ Purans (liquid) -

9l Aldeydss (1liquid)

.95 Aldehydss (gas)

96 Ketcnes (liquid)

97 . hetids (liquid) -

93 holids (solid)

g9 Acid Anhydrides éliquid)

100 . Acid Arhydrides (solid)

101 : Estors (1iquid) :

102 : Esters (soclid)

103 1. Bitriles éliqui'd)

0L Ntriles (colid)

105 . Carbylamines {Ysonitrilss) (liguid)

106 © . Primary Amines (quid)

fat-L]

5146°
516
517

518

-

530
530
531

)
532
533
S33
53k
534
535
53%

t.\d

536
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‘Eable R - c e TR _-};6_
107 Prinsry Amines {ganm)
108 - . Primary Aminos l-oltd)
109 " Secondary Amines (liguid)”
210 Sscondary Amines {(solid)
111 Tertlary Asines (liquid)
mE o el fugms -
13, . esds (89134] ; =
11k Hydrazines \soiic) ce T
115 Hydraz$das 2-01.1.:1)
116 T 4308 (wolig)y T T o o
_7 __hzoxsw (solid) L.l
1i8 ©guan{éines (aolid) ;
119 *. Tetrazoles (solid)
120 Oximes (s0lid) o B
-121 L Aldphatic Fires (14gudd)
122 s VaAliphatic Mitros (-glid)
123 . iAromatic Nitros (liquid)
2L ‘Aromatic Nitros (zolid) .
125 . L)_nhitic Oea Trinitros (liquid)
- 126 - —EUpialic Gsm Winltrss (solid)
127 tmteu (1iquid)
128 . qltra‘c.aa (aviid)
129 Niisaaines (solid)
130 Nitraxdas (golid). ... ... -
=131 Fivoray (3guid) ~ | T
© 132 Fluoros (gclid) .
133 Gsn Trifluoros (uquid) :
13L  Nitrosaminss (sclid and liquid)
125 Thicohenss (solld and liguid)
136 Nitrosos (eolid)
137 Héat of Hydratiovn
138 Salt Link -
t -
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FAT OF AYDRATIGE . .

QHydratim * ormation of hydrate Ql?m'mt,icm of erhydrouws salt " QFo:mtim of watar

Hrdrate - : 0 - 4 Anhydrous : Q% AQ?/P 0
; Ia
) kcal/mole pound kcal/mole kcal/mol
N 4H30 8g.) 63.9 tighe (89.) - 8.2 7241
NoHar¥g0 (1iq) - 58,0 NoH, (11q) -12.1 7Cs 1
NaQHeHZO (=) : 175.3 - NaOH '{s) 02,0 73.3
HPy07° 1.5H0 (8) 637.5 .. HePy0, (3) Ji513.7 - . d2.b
H,Pa0,21,51,0 (11q; 63kl - HaPats (14Q) 7o N S0
H,50,+1720 (9) 272.3 | Hau0, (&) 196.3 5.9
CHRS0LL0 (14q) L268,7 H. S04 (1ig) i93.8 7h.9
H,Se0 Ha0 (4 - “ 2045 800, (=) 13903 7h.2
,Se0 ¢H.0 (11g) "202,0 - H Se0, (14q) 126.8 .2
D HIR YN S3ho.2 - (&g {(s)——  Aghs—- . 3
(50754 ) 5o Ha0 (2) 339.1 < (comH.): (8) 2672 713
(NH ) S0;¢H 0 “3) . 283.6 (BH3)30, {a) 212, - 1.3
3T, PI 12,0 (8) 973 3FI,ePI, ‘s) 1318 70.6
IPBY 5. 551,6125,0 (s) 952.2 3Pl keI, (s) 111,90 70.1
LiDi=Ha0 (8) 153,k Libr {) 83,0 The&
LiBreZi0 (2) - 230.G - Lide (8 33.8 73.1
LiBre3H,0 (%) 302.0 iBr (s) ©83.8 . 72,k
14,650,240 (5) 113.7 13504 {s) . 3k2.5 Tle2
K¥e 2,0 ?s), . 217.1 ’ XF (s) © 135S n.Jg
CKFUHO (s) 413.0 - KF (s) 1345 10,9
‘1 (80,) =114S55.8
’ n 20
Av a0, =.72,8
q'u';r,'d."\"atj.on « 72,8 - 68,3 + + [i.Y xeal/mole
85ite frou Ref. 16.
CONFIDENTIAL

Tl o



o O TG W LN i o '

™

a1

TAlLE I

SALT LYax

T (aalt Urad e “: {zalt) »’ii {ecid + tass) » -lg {salt) » J; (acid o tass) -‘é (salt)

l;n', Gserved, ksl/wole V,’; pec .
. ox, osma et . H08 vt 1aa
Vane Lol wi. Beeded @@, ki, & <. keal/mole: -~ isf.
- L
¥g0, - Mathylasire nitraie {s) .00 -0 B 2184 25
T Vatl, lasl. e (Qig) et ~d3leo - 5kl mic,
Wi, Nitric as1d 11341 2.5+ 437 Li.b eTes" - 22
. 28.i
CaitgWNg0y Disethylanine nitrateis) 5.0 - W0 - 3%2,L F24
CHoN ‘Dimethyludie {11q) 7.5 -266,2 . w7 cala,
Wm0, sTtrio sdid 11g) cde€ 0 638 - 7 [>5) 3
_ . s . - — JE—
L€ M0, Trimsinpizdins Mbrats fe) 122,15 de - 550.7 .
% Mgl Triusthylanise (1) .11 10.€ - 37087 , ale, .
oaliy Kitrig acid (1q) 6.0 2.7 - 7.3 d2a -
) - - ~15.% z
Sthylaine nitrate (liq) 106,10 S = NG - s Fad K
: Byl walse - Cilmp  as.m 105 ~E66,2 - w12 eals. 3
L LS Witris ssid {12a} P -32.8 o &€ - . e 3
-
Fig¥,0,  Dethylanine nitrete 134,18 - K 29 F1
E Idsthylanine 73k - N culs, 3
*u0, Witrio aci3 83,02 - 82 3
33,8 3
Col1a¥a0y - Trimhylamines nitrate 16450 WIL6 » T
Ta¥ irietnylaaire W1y - ? O 3
Nitro acts 43,2 - =
Soiline miirate 100.0L - g
Anilire 2512 o __- - =
P @iric sdid ¢ 65,02 -
taridine nitrate & - SR
Aeridina [SELY] >
itzic aclid 1idg) 2.5+ 6.~ >
2-iaircacridine mono-
nitrats {s) T87.24 € =172, - 153 S
ERTICN 2-d4Groeceidine (8} - 1e2) MO -258.4 - 163 *
L} N il(l'r: acld {1a) S3.02 <207 ¢ 63.8 - o2s -
| | “lub £
Castiuliada  F-diinou:ridine mcece o - F9
Tritrats {0) 51,2k =177 - 153 3
(A 5-Af@noac xine (s} Who? -e3%h - 153 s
WO, Mitric a-i6 {119} 43,02 . 6.6 . N M
L -32% s
Cahia'tesy  3,60-Dlaabacritine . 1
' nondILLrate (9) 2.0 -1, - 18y +
Cotath 6. Baxdmmzantting Q2] M.T S2iTG - 153 =
", Eitric acfd (18g} .. *2S  * 63.5 - s 4
: w<b.€ z
CaliaYee Sihylecsdisaine disd trats o > .
) {s) - 278 - 376.3 120 ot
M 7 - - 312 [~ .
" MMy tryleaedisalne (11q) 0.3 2132 - sl cale, .
TR Bitric asia =z (i1g} L6 - - 81,8 - -6 Sia -
e, ) & <3l evd
Calad, 7y Stmmoiaxios dinitcate (s} 169,10 L - L2 - 317,¢ i #
- - . - . - 388 2y
CaheNgly Etlanglasine nitrate (11G) Lé. - 359.0 =iz, z
ey Klirfu aate *14q) £3,02 - - %73 N
- Mt (av) - 4
CoMyoNaly Sesaylamiss citszts  (s) - 3 i
< aHgn danaylami:e “{itq) - catl, N
ey Ktine scid (4g) - ; M
-1
R o L -~ "
- 12¢.3 T SFa =
- 82 . 5
i Ry ;
CoMtyoNgDg Hexamethylenetetranine i
4l trute ied 226,23 1. - 917 - 35 '
° = M - - » -
. - - . . - ia
Hexiaelhyleratatrapine "ot 11,0 2%k - Fa)
« . . N 3
~ - . . - . i
w0, Nitric asid ‘al) cilql 6w “ii§ o OLS - T Bis
=13.2 :ev}
T 187 eI VN i
<337e
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8T LINE

558

kLN
- Best served, w:szi/mle & var
0. - Parsation wm:ullm salt link
Poreus |, tme Kol. wt. Needs? 0z, %el. 5 <. vcal/noie  laf,
Ures nitrate is) 121,08 - 2k
©lrea - 18) A%OA - cali,
Nitris artd 14! 63,08 - /8
- - u.d
Thiours: nitrate i8) I8 . - 24}
Tatoursa ) i) %. - 22.1 - 42a
atris aztq n1g)  An® Glei - ata
-0
Hydroxsiamira nitrateis) 7805 o,y - 16
- Hydroaylaslse (s} - .33 v - 38
Mtric so8d pREY] 63,27 [T - 92a
Era X
AmnGidm ALtrace (n) 8r.03 - g2a
Ammonie iliq} 1.9 - YLy
Sliclc seid . {113 L3974 - g2s
N 244
Ny Wysratine saranitrateloq) - 13
Hyly Kydrssins - 7
Hidy Kitrie 2284 - - LAY
=13.2
He¥,"y Hydrazine dinitrate (sq) S - 73
LAN Hydrasine (ag} 32,08 - n
WO, Nitric wsid (x2) {sq) 63.7R. - 22
- M : - fol
EPCR Hydrasine suifste (aq; 135,24 21v.) - 7
HeNy Ayes= {aq) 32,75 8.2 - 1)
My, Sulfurle acid {aq) §d.u3 216.7 - (Y
~10.6
H) 54043 T Pitgdrazine mjfats {a80)77T 162012 2%} - 73
Ny liydrazioe {x2) (aq) 12,95 =164 . T
W SU, fulfuwis a0id {e3) 73,22 236.3 - 628
- -12.7
N, L nydresina hyiro
calacide _ : 68,52 (& - ubT [ - 73
LR “Hydrazine {aq) 3. 3% 2.0 9.8 -3.2 - 7
HQ Hyiroshloris acid  (ag) 36,0 0.0 287 .2 - 428
: ~12.4
H N, 0, Mydr2atie Zivgdro—
ciloride {82} - 174,43 S0 - 505 [-I] a2
H Ny Hydrazine iag} R.5 2.7 - .8 -3,¢ - 73 -
Hel Hydeodlardc 1edd(x2} aa) . t5.47 B 0.3 8¢9 - b2a
- 6,1
[ 18 33 Mathylaal v hrdro-
chlorids aa} 52,32 LS -lub.b - - 152
warghil dzethylaning hydro-
ehnlocide { 7.5 -147.1 - - .3
S;HeET1 - Bwnylasine hydro-

. ‘o chlorids, 7.3 -147, - - Jl 16
Cghy Guanitine ton 7.9 -1db.k - LI ©®
Caigo, Tl Armcs m NORO-

Mlecoavelats beS - Bite - - “lees 15
Cal#2,9),  Ammcndim Wi _. -
enleroac e 2.2 - 2.2 - - 1)l )
CaHghly Asmonium Iy drogan
oxalete lay) 107,97 - - ~12.9 6
CgH iy Amonice glycolats {831 73,53 - - ~1.2 1¢
SpH,N, Amecaiom glyowuslste fag) 119.68 - - “A2.¢ 14
¥, Lmaont s formie (a3} 3.9 - .t -3Ly %
CaHgh 0, Dlasmonium oxslate (3} 12h15 267.2 - 14
HyN Ammoniia (r2) i{1q). 17.03 - S8Za
CHa04 Osuslis scia s) (23 ) 50.2 csle.
. ) . 2ili 7
Taigl iy Ao ium plorata (s) Qibela - LA 22
EN) Arwsals {19 - L) dea
_ Cqrig¥,77 Pierie szid (9) - 4134 oale.
R .
Hg¥yl, AMRCTI1 ' “ArDomte (s3) - 14
.M Asmonis (521 (8) - Gon
MGy arocals #si {aq! - %a
. %0
SoMaNY, .
(a! 73,4 FUL AR 3 - - « 0 16

] -
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WOLE 1 (ecni'd}
1

S LEE
Heat aves, kial/mole
C Parmatten  CoRmstion g g
Posaula News —- Hal, wi. Keeddd O Wl v’;_ 4 ral/sols  kaf,
Asnanliye ececats sl) 7,088 <€ 2. Tl 14
Ammonie t 14]) 17,0, 1.§ . $7.9 £S5
soetic acid (uy)  — €0.2% 1Y - F osle.
d «2d. b
Asmcniam cyanate (aq} 60. ) L9 - - -b2s
Aaoria (sq) 11,91 LS - B ™
Siiss @ald {ag} 8.7 0 LS - ) L2
Ul .
Ml Amamiiug wiirefors 2-) Ask.97 e - 195 Pliatimny
L At L 1q) 17.0) L - §7.7 (/3
aitreiorn (Mg)  ASL&A -hS - ey . . v eale.
iy -
ey 1sasdlans e B
énitrofas {e) inb -
Vuxr.‘..ﬂm,»;x.. . {M4a) &z - . -
N liv.nlor: i) . (14q) iS5 - .
' : ) -1l
u o, PRSI i {an) 2,0 ~3%.9 7" - .. - 4
KN Amponiia 4 {sq) 1.5 19.3 - &
ey wrardiolc seid (aq) s 4 - pT-
N - - 3.3 -
Cig¥eClq WAS1.4 dibyiresioe
- 22t 200,17 2 - wr.3 T
H Mg dydousine (32) 32,05 2.0 .. 57.2 3
CM MO, NEX ™ 136,07 0.¢ - 233 eslo.
[ - «i%,9.
' 29300060 p-mwaos:a-uv R L L o e oo
RN OGN IEFTA 126765 2%9  el7lk - 1u29.3 S 1
GQHigh0 p -Mitrosodine thyl- . .
zalline .18 .0 -213.1 - R%2 &ald.
L7 Hydrochloric scid 36,47 G . 60 - 26.0 s
: 2%k -
o ¥, Aanoniua cysalde (€3] .05 Lt -1L5.9 2.0 - . 82
Hyh Ammoria mq) 17.0) 1.5 -10.9 16.6 - i oza
] Uy Tocymate seld - {Lig) 210y P35 S TR ] *45.2 . - P 8za
o o - 8.
Cigd0, - Ao \SA Ny drogen e : .
urbmuu {4} 906 L SRS VA T+ X - 8ia
LA (s) 1ru 1.5 -UD.9 19,2 -
A0, c..muu aaid (e9).. . G@-03 6.0 0.0 87,5 e 82a
- B =04
e s Ao e u-.w-y---o- (a9} %,0? LIS s - sy
UM Ammoida (eq) 11,03 L. -U0,9 7.) B - Boa
S Thisgenis setd (ag) ek s -lzz.0 <117 ) - [-%°Y
L =12.9
M wOC] ¥y draxylaaine mcno-
hydrochlarlde - (ay) 69.<0 0.5 - il.& 17 - 82
u Wdvorylamine {2q) 3.2 9.5 - 2.2 2147 - f2a
-l - dvdreshleris aoid  (an) b7 Q.0 %3 o - ion d2e
B 2oy - 325,
' . n o8
av. G- 216.1 val/eole
: Ciatei 05 Hexanitrodipianylaxing
T asemium salt () Lsé.28 16,9 - - $6.1 - L2256 - poty
Coiy¥,2, Galinidde dibpd ails= .
@aitrste R 1M.18 S5 - W - LD.5 12b-1
\ [ o ] Kydroxylesing sul’staianl”  131.04 -5 e &1 ikl - 16
;- ieNodl, Ky droayLanive dlnydro-
i Hlerids {ag) 1k ob 0.5 - 1.6 1049 E - [P
Siatac¥yly Beasidine dihydre- .
. leitde a2 1w, 09 0.0 -u@) - - 18770 .

kg i oo b
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"LIST OF COMMOUHLS

1. Acetylene

2. 1- (..minoguanyl)-h (nitmg.mnyl)-l wtrm\m

. 3. JAzmonium nitrate t ] R

! L, ¥itroform, amsonina salt L

: 5. ricric &cicd, szxonium sait T
6. l-Hydroxyteirabydropyrau=3;3,5; 5~t¢trazut.hnnol pwt.&ni.t.r‘.te ’

7. imachslagaurolic acid
8. Scdiun azide . - e .
G.  2-Azidoethanocl ]

10, r.—Azidoa‘;hﬂnol nitrate

ii. 5=a ido-1- r-1H-wetrascic

12. -3-Azido-l, z-ppopamzdiol dinitrite . .

13, N —Iaopropylidancbic(? 6-dinitrophenol) ) o

Us. ki -Biifonylbis(2, 6-dinitropbenﬂl e o el

15. 1,3-Butansdiol dinitrate : s Lo

16. Ethylenediutna dichlorate e

T T 17. 2-Chloroathanol nitrate ” :

- 18. 3-Hydroxypropionitrile nitrate R L
¢ 1%, Qlycoleniirile nitrals ) T
© 20. Cysznuric trisside e N

21. Tetrahydro~3,5-dinitro-l,3,5,éi-oxadlasine -

22, HMX

©'23. RDX

- 2. Wexaiwdroei 3. S-trintteasa-e-triazine :
5. 2,h 6 8-Tetrani tro-2 »li, €,8-tatratanonans-1,9-4%01 diacetats

26. 2, h 6Trinitro~2 l;,é-qnusho;tsm.-l 7-diol diacetate

27. 5,5'-{Diasoarine)di-1t-tetrazsla.

28. ' 5,7-Dinitre 1,2,3 Seazoxadlassls

29. Ddazouium saits”

30. 1,9-Dicatboxy-2,4,6,8~-tetrant tropisnazine N20-oxide

31. _epedaiza »1s()l'—chlcmformiqihog

324 . 1,2-Dickinro=3;5-dinitrabenzens

33, Guanylurcs perchlorate

3L. hN.¥'-Bs(?, 3-dihydmxypmpyl‘on=ida t.at.rmitrnte

35. i Diethanolnitremins dinitra

36. = Diethanolnt trusanine dinit.rate

37. : Diethylens glycol dinitrats

J8..7 N,H'-Dimethylethylenedini trazine

39. ;52 -(Mathoxymethyl)-2-nitro-1 3-prop9nedial dinitrats

Lo, -Eth}l-Zun.,t'o-l_J-propx.edio. dinitrate

41. . 2,2-Dimathyl~l, 3~propanediol dinitrate

42. 1 3-Dinitranino~2-propanol altrate

2‘) . L,‘A*UU‘J bl U-JIL&LIU : 1
« . 2,4-Dinttroanisole ;

Is.- H-Diﬂi trobenzene -

8. 2,L4-Dinttrobenzyl nitrate

kY. <&,2-Dinitro-l-butanol

L8. 1-Chloro-2,4-~dinitrobensens

h9. L, 6-Dinitro-o0-crusol

50, N,N'-Diethyl-¥,N'-dinitrooxamids
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1,4-Dinitre-2, 5 -piperasinedions
. 2,3-Dimathyl-2, 3=-dinitrovutan -
3 6-Di:.athyl-1 li~di01$40-2,5-piperasinadions
Es-Dwuzyl-l 6-6.1n1tmg]voo1ur11
: 5,5-31!0&71-1,3-4151t.ohyd&1t0‘(n
" Ly6-Dinttro-m-xylenn-ocat~dinl dinitrate
2 S-Mim-p-:yleaa-cth:‘ ~diol d.mltrilto

N ﬁ-nin‘i_h-‘l.ﬂj!.dl—lbw S h Lo —

2, Z-Da:.‘at.hyl-l 3-d1niwoprupm
S,H'-r!ﬁsa*bgl ¥, N -dint broval fand dy

':H,N‘-Mthxl—h ¥'adinitrotartranide d..nitrate

1,5-binltro~2; 3-ini trosibunzens -
n ¥'-Big( ?xydroxyot!nr")».g-,ﬁ ~dind trooxamide d.n.ltrnta

1 J-Dinitmd-tniduolidm e e e e
,E-Dinitm.ur-n .

1 6-Din1t.mg1ycoluru R
;.uahydm~)-hgdmn-1,3-dmum-z(w) -pyrimidore xut.uta
&-Hethyl-1,2-dinitropropans -

2,b-Dinitiophenol - : -
2= E,h-q.nnnmpmmnvem.t nitrate
G 3,5-Trinitrotolusns
2-{3,5-Dinitrophanyl)-2-nitre-1 3-px‘opanodiox. dird.urato

1,4-Dindtiopiperasine

1,1-Dini tropropena L
2,2—5“.&1%:*-:1—*::;::;01

2,4-Dinitroresor.insl

M N'-Dinitrosoben:uido

2,L4-Dinitrosoresorcinol

2,5-Bil(hvd!'oxvutbv1§-.2 Sedinttrao)  h-havsnadinl h.t_-....u-..o-a ’
2 6—di_nitx'o-1 7~heptanediol tetranitrate

. 2,6-Bia(niydroxymethyl
1,10-Dini%0-1,L,7, 1o-ut.up1czyl-1,ﬁ 7,10-tetragadacans
2, Li-Dinitrotoluens e L
Disthimlnim triniirate ' e

L, A=Di..‘..£‘€¢=‘$¢vna

Crydimethanol dinltrate
2,446,8-Tstranttro-2,4,6,0-tatr szanonans-1,9-diol dipdtrate
Di“enuerythritol hoxmit.rata
=,¥'-Dipicryl-1, 3-propausdini traming

) 3,7-Din1tro-1,3,5,7-utuzabicyclof 3.3.1] nonane
Dulcitol hoxanitrate :

- Erytiritol tetranitrate
Ethanolamzias dinitrate : : i
Etigrlensdicmine dinitrate '
Ethvlenadinitramine
1, 2-Bthanadicl dilactets dinitrate
1, 2~kt.han.diol dinitrate
'1,2-'-3‘!’.2‘.&:\0."!3\01 glycclate dinitrete
1,2-Ethunediol lectate dinitrate
3,L-Bis{2-atirosthyl)-1,2, 3,i~dloxsdiazeticine
Ethvi nitrate .
Galactarn trdindiirate
1,3(or 2,3)-dichloro-2(or 1)-propliol nitrate
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105,
106.
107.
108.
109.
110.

11. -

112,
EETEN
T == 1.
' us.
116.
117.
118.
119.
120.
121,
- 9122,
123,
124,
f1es.
“‘l?b.
o R,
Ak “128.
129.

131,
132,
4133.
13kL.
135

{
;

+136..

137,
138.

139.

1.

_—- 142,
143.

. 1hk.

ﬂr 147,
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130.

1.

TABLE 13§ (&eat'd)

Glycerol 1,2-dinitrats
Moncacetin 1,3(cr e,J)dinitnu

3-(2,k4- dinitrophsnoxy)-l 2- propanauiol dinitrate
1,3=D-pic-ir 2-nitrate -
3-Chloro-1,2-propanediol dmitratc,
1-Honoglycolin trinitrate
- l=Monolactin trinitrate

3-Mathoxy-1,2-propenedicl dinitrate
l-Fonopicrin dinitrate . CoT
Guanidine nitrate ’ i ’
Guanidins perchlorate
1-Guaenyl-3-nitrourea
N H-Dichloroethylwine
3,4,8,9,12,13-Hekoxa-1,6-diszadicyclo {h.k. h] tetradecane
1,2,2,Lk,5,A-Bonzenenexamathanol hexanitrate .
Haxa-ethylenuteoramno dinitrate
Hexazethylenetetramine diperchlorate
Haxeme thrlenotatramine momopsrchlorate
2,2 ,4,L',6,6% -Hoxanitroazohenizene
2' kL', 6 A% . Hexanitrobiphanyl
2!, h h' .6 6'-dexﬂ.nitrompswnylanino
2‘,3 nt 6,0'-uunn1t.roulpnwlmine T

SH-] Dipxcx'y'l";him".gl”" nitrate :
2,2 ,h,b',6,6'-Hox&nitrodiphanyl ether
2,3%,h,4,6,6"-Hexanitrodiphenyl sther
H ,H ! -Dipicz'ylet.hylanedinitrlmim

1,3-Di plcrylguanldino -

-Hethyl -2,2',L, h',b,é‘-haxanitrodiphanylanins
2,2, b,b¢ ,6 §" -Hexanitrodiphenyl sulfide
2,2%,4,L",6,6" -Hexani trodiphenyl BMOM
1. 1.D1n1cmlum . L
Hexanitroethsne -
2,2',4,4',6 6‘-Hexanitrohydrazobenzena B e
2,2, 4,0k, 6 &% -Hexan! trooxanilide
Hexan 1 trosobenzans ) - . S
Hydrazine mouocinloraie ' :

t, N7 =i (821 dofornann o )

Hydra ine dinitrate

Hydra: lae nonoyerchlornts
Hydrogen cyanide

Inocsitol hexanitrate
Inulin trinitrate

Iodvso and icdoxy compounds
Lactose octaaitrite

Lead &zide

2,
2
-2,
)

C Bturimio moid, lasd salt ' _ -
salt, - -

EE= A 471+ DAVEE L Lo PR &2 et

Maltose octenitrate
Mannitol hexanitrate
Meleains dinitraty
Morcuric fulminate
Hethazonic acid

Hothylaint he nd beate

Nitrofome, awtuylemine walt
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158,
i3%.
160.
161.
162.
163,

16kL.
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167.

‘168,

169.
170.
171.

172,

173.
17k,
175.

”’.,-,3 Butensiriol trinitrate

| TABLE 139 (cont'd)

Msthylamine monvperchlorite
li-Hmthyli-2,6-dinitro-2,L,6-trlazaheptans
H,4 '~zat.hylsuabin(E-nitrosohydmxvlnim\
(Hz thiyleaedlioxy)dizethanol dh:it.rata
Kethanedicl dinitrute
M-Mothylethylenzdinitracine -

a ~Metbylglucoeide tetranitrate

mulyml.nrlrune

Mathyl nitrate
2-)(4\%.&?1-2-:1%:‘0-1,3-pro§>anediol dinitrate -
2,2,5-Tris{nydroxymathyl)-L
N-Ethylmethyleneditramina
S-bitrsgiino-1,2,4,1H-triazole.

Pentuerjthritol diglycolate tatrani'ratc
Nitrosecgtonitrile , . - B
p-Nitrehaneyl nitiate - -
Q;Z,h-Trinitx_'obenzeneazoumm

" 5-Nitro-p-toluanediazoniug 2-sulfonate -

5,5-Dimsthyi~-l-nitrohydantoin
2-Nj trcothanol .
Nitroethylene polymer

- 2-Hitrvethanol nitrate T e

Nitroglycerin .

Hitrogumidino

¥i‘roguanidine nitrate
1-Nitrohydiatoin

#itrocsinans
S-Methyl-1l-nitrohydantoin
N-Esthyl-N-nitroglycolamide nitiaie
2-Kethyl-2-aitro-l-propancl nitrats
2-U1tPo-2«(m-nitrophanyl)-1 3-propaosdiol diuiicais
1-Nitro~3-{nitroscaz!nojguanidiae
3-Uitro-2-vaazoliduim

ayayk-Trinitrotoluene
1-(p-¥itropheyyl)-1,2-ethanediol dinitrate - -
Zeliitro~1-({o-nitrophienyljethancl nitrata

Pimethylnitrosamine

2,3,5,6-"atranitroso-1- h-dlgitmbenzena

\Hitrosoguanidine

Urea picrate

C-Hitrg-lH-Letrase

Nitroursa

Nitrourea picrate v
~‘iothylothanolnitr-m.tne nitrate
Dipieryl lead

Cvn'lnhn.n. czanida e

Sne CICNLS

. z 2-Bis(methoxymetnyl)-1 J-prop:mcdiol dinitrate
2- (Hy&oqmethyl‘-Z (mthoxymetbyl) -1,3~propanediol trinitrate .

Panigerythritol tetrenltrate
2,3,L.5,6~pentanitreanil ne

l-"\l ;{-D.Lﬂiti‘ uch_yll-s-(z,d,s trlnth‘opucx@‘l)ew\
¢,2',4,4% 6-Pentanitrodiphenyl etler .

-583~ .

-methyl-1, 3,5-pentanetilol hunnitza‘w
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TABLE 139 (cunt'd)

S 211, 2,2',L,U0, -Pentmitredirncr.yl swfons
o212, Ethyl mrvhlornto N .

213. Aceﬁyl perozidy

21L. n-Phenylencdiaming diP‘rchlouto ]
. 215, ac-Azizsiommaaiding plerate - R ol el
“2%8. Pierice acid .

217. Plcryl chloridé

218, Picryl fluorite

219. 1,2-Propanediol dinitruete

220. Propyl nitrate - '

221. Pyridins parchlorate

222. Quebrachitol pentanitrate

223, Sucrose octanitrats

22, Tremassidoguincne -
e 2225, L-Cuanyl-1<(ritro: uinogumyl)-l t.et.rau-na o
226, Teiramethvla.monium parchlorste . _ - .
227. 1,3.5,10-Tet. 'au-o,é 12,13« tetroucyclotatradocam-Z Swdiom . .
228, -Hydroty—l 1,3, Jwyclohewwtstrmthmol pentanitrats -
229. 2,2,6 6-Tsur.kis(hydroxymetbyl)cyclohez&none tetranitrate

230, 2- Hydmxy-...l 3,3-cyclopentunetetramsthanol pentanitrats ) T
231, 2,2,5; 5-Totrakia(!n’drc thyl)cyclopentanone tet-anitrate ~— o T
232, 2,2-Bia(nit—aﬁbw thygu,;-yropanadiait; .
233. 2,3,L,6-Tatranitroaniline - \
23h. 2,},5,6-Tﬁtl anitroaniscls . L B

- -23€, -2,34,5,9 . Tetrandtre-p, ntsanonyicluene - - T e
236, 1,2,3,5-Tetranitrobenzense
237. 3,3'-Oxyai-1,2-propanediol tetranitrate
- 233e 2,2 ‘,L‘, {'—T:ﬁ-"‘"‘ o—.al—h-a,ﬁ abbhan _
239. . 1,1,2,2-Tetranitroeth&no
2Lo, Tétfﬁiittuwtukls' H T
2, 1,3,6,8- xetrmttxompbthalem ’ :
242, 2,3,k,6-Tetranitrophenol :
243. N-Methyl-l,2,3,L,6-pentanitroaniline : 0 7
2Lk, §,2,3,L, 6-penta.nihroumliua L : .
2S5, 3-Nitro-1,2,i,5-tatranitrosobenzens - 5
246, L,l4'-Bis(N,N-dimethyl-2,6-dind troaniline) !

2h7. 2,3,k 6-Yetranitrotoluens

2us. Tet.rakiu(? hydroxyethyl)ummonium pantanitra.te

“249. N,E*-Dipicryl-2,2-bis(i,2 h,6-..etun..troanu inosathyl)-1,3~propansdinitranine
250, 1- (Aaixwgumyl)-h g‘uanyl-l -totrazsae r

251, 1H-Tetrazole o .
252, S-Azido-1H-tetrazole . ’
253, Tetryl

254. Triazenes

255, 1,2,k,1M=Triazcls" . . -

256, 3,2,6,6,9, 9-Hex=methyl 1,2,h,5,7,6-nexoxacyclonons e
257. i!ex-h_ydrc 1,3, S-trihyd.-oxy--xtriuim trinitrate

256, 1,2-Pr0panedinitrmine

29, 1,3-Propanediol dinitsate

260. -Propenediol diperchlorats

1,3~
261, 2- Butz.l—z-(‘:y\.roxy'x:athyl)-l 3-propanedicl trinitrate
262, 2-(Caloromethyl).2<{hydroxymethyl)-l,3-prcpanediol irinitrate
263. z-(Hydroxymetnyl)-2-methyl-l, 3-propansdiol trinitrate
26, 2-(Hydrnoxymsthyl)-2-nitro-1,3-propanadicl trinitrate

COIFIDEATIAL
-56L- . -
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R - | TRELE 139 (cont'd) . :

13
B 265, 2-zthyl-2-(hydrocymethyl) "1,3-proprasdiol trisltrate
5266._ Trird troonntoniiedla |
267, 2,h, 6-Trinitro-=-misidin=
. B 268, .,u,é-uinitro-n-prwnetidine
g 269, 3-Amino-2,hL,6-trinitrophenol
270. Picrmtde
271. 2,L4,6-Trinitroanisole

272. Z;L’.é-'[‘rin{tml'unxn‘l,l-kvdg i

273. 1,2,4-Trinitrobenzene ) . - .
274. 1,3,5-Trinitrobaizens :
278, 2, h 6-Trinitrobenzoic acid

276, 2;L,6-Trinitrobenzyl nitrate -

277. 2 h,6 ~Trinitro~z-crescl

278. h,h—Dlnat_bylp* cramide
279, U,N'~Direthyl-l,lt',2,4,6- puntaxutm-m-pnanylmdim
28, 7,?,7-Trinitro-7, 8l dinitroso-Z-naphihol -
264, 2, 2t (2,h 6-1r1nitro-m-pnenylene)diethaml dinitrate
ié&z. B-Ethyn-2 2,3-trinitropentane
B 283, BLNS, N9-Trini tromeleaine
28k, 2,L,6-Trinttronesitylene : L : E
285, -Hethyl-? 3, 3-trinitrobutane L
284, “l—r“awq-l-r-ﬂ u,o-*.etrmltx‘c-:a-phenylenedimine . .
- 3287, N-Metnyl-M,2 4, 6-tetranitro-m-anisidius
g?&B. N-Metryl-N,2, b €-totranitiro-A-prenetiding
289, 3- (Hethylnitre...lnﬁ)-. sh,6-trinitrophenol :
290, H-Mathyl-N,2,h 6-tetrm1tm-m-wmam. o e
izvx.—‘ !=."=tnvu-) 1 -4 ,,_,J.vw‘pegmc ) ;:‘, P
292, -Het.hylpicram..de o ’ B - ) .
293, 1,3,8- -Trinitronaphthalens . I - -
i??l'.;. 2,L,6=Trinttrophsnetole :
8295, 2- (2 L, 6-T‘-in1t.roohenoxvmthm1 nifufg
.295. Picry. azids
a 297. NeButyleN,2,i,6-Tetranitroaniline - -

298, 3-(N,2,4,6-Tetranitroaniline)-1, 2-propaned.1o1 dinitrate

299, 2,L,6- Trinitro-m-pnenylenedisnmu— -

EJOO._ H-nl_.uy]__-vl Q_L_A-Q‘fr-nni trooniline

301. 2~ Picrylethancl nitrate = , .

302, Plcrylguunidine . T [
303. Flcerylhydrazine -

30k. N-Methoxy-N,2,k,6-tetranttroaniiine

305, 2. (h,.. 4,6~ xetra.nitromilmo)-l-tu-d <1 nitrate

308, §,2 2 é-mtranit,mmuline :

307, 2- (H,. L,6-Tetranitroanilino)ethanol nitrate

308, 2- (Hyirotymnthvlld (n,2,4,6- tetranitrouuilino)~1,3-propanediol trinitrate
309. Trinitrophlorogucinol :

31C. Stypuaic acid Lo a— .

311. z,2'2(2,k,6- Trinitro-m-} heu,lenediozgy)diethmol dlnitrat,e

312, 2 h 6-Trinitrostilbony

313, ,h 6-Trinitrotoluano
§ 314, 2,3,)4 Trinitrooluene
| g, l,j,bv“.ria‘.ida-"’,h,év- rinltroberzene
3316, H,N',R"-Trimethyl-f,Nii W%, 2,0,6: ‘hexanitre-1,},5<benzenstsizine
$317. Triethanolamine tetranitratie .
i ! ; .
1
3
?5{
g
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§ o ] TAELE 137 (cout'd)
£ " 318.  2,4,6-Trinltro-m~xylens .
¥ 319. 131%,1%~Tris(methyloi iramios ) trissbiylesing
€ 320. Ures nitrats "
*‘E 3¢is L~iislo-l<buten-3-yne polymer -
= 322. Vioyl alirsts polymer
% ’ - —323. ®od~-Disgida-p-zylans B — oo
324, n-Propyl picrate
i 325, "Allyl plorats. -
[ T 326, EsFTupyugs phtTals SN - _ } _
| S 327-. Nitrofors .
3 328, Mathyleneriinitramine - -~
T ~-329. H=tlathyl-¥,2,3,h4,5-pentanlrosniling _
: 330, 2,2,2-Trinitrcothancl - -
i S o331, 1,3-Bis(2,2,2-trinitroethyl)jurea
: . ...332, Ethyisnsdiumine dinitroform sxlt -
< =333, N, ¥'-Dichlorowtbylensdlnityacise
e merecem33he (7 h-Plaitrophenyl)tydracine ;
’ - =335. rl,l-Dmitronﬁv'(l-nitrbethyudﬁm)ethylulm oxids
-— —336. o0 @Trifluore=3,5-dinltrotolusas s
337.. Bi::zZ,Z.z-tﬂnitmthyl)nitrnm
336. 5~Amino-lH-tetrazole hydréta = - - - - - == N
339. 5~Amino-lH-tetrazole nitrate ‘
T k. --2;2;2-Trind trosthansl L;h,L-trinttrobutyvata. . e
et e z=3l), “Trie(2,2,2-trindtroetiyl Jphoephats . . e e e o
342. S-Amino-lH-tetysscle - ! ) -
343, 2,2‘3,3-’l‘ot.rmu.robutm :
o= men=5he BN Hathylensbis(N-nitroformanide) -
345, 5-{2,2,¢-frinitrostipismine)}-1R-tetrazals
! -346. Methylenedinitrawins dihydraziue salt
WT. 2,L,6-7rinitro-2,h,6-triazabsptune-1,7-iol dinitrate
: 8. oAstdo-N-nitrofonmaiding s ' }
d _ . 9. L,é-Dinitraaiio-s-trlesine2-ol
i 350. H,N'-Metaylenabis(2,2,2-trinitroscstenide) .
___ 351, 2,2-Dinitroacetamids . : s
357, Hydraziune acoonitrate — 7 R -
353, Bydraciae . N
- - U35h, 5,5%-Hyaragodi-iBstisirssols : - e
- 355, by-product from Hsdina sypiheals
356, 2,b-Dinitrothiophene -
357, lLMsthyi-3;5-dinitre-1,2Z,u,lli-triazole - B
358, Mathylensbis(ndttoinino)dimethupol dinitrite
359, S-Mitramino-lH-tetrazols
3€0. Azidodithdoforadc z2e0dd :
361, Avidosulfonic acid
[ 362. Antline ’ K
§ 363, pwAzidoaulline perchlorate .
£ ———— .38k, 2-Astde-k &-dindtrophanol . .. ! -
t 365, Cerbonyl azide ’ B =
f . p-PMazidobanzens e
H 367. 1,2-Dlazidcethans v
i 368, 1,3-Diezidopropsans -
369, wod-Dissids-2,5-dinitro-p-xyiane
370, 1,3,5-Frinziden2,h-dinitrchsasacs N
" -568~
B - e e Cmtme e mmsae e oA
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- TASLE 132 (cent'd)
¢ . o Ll
'3'."1.' """"""‘“ 5 asifc
372, wkﬁdaf-p-mr.rowxuuna T
T373: -2,k-Niedidol; 3, “-W“l'r&w )
e 1,2, B-D&Aéuuuiuiuxe : - i
5 7 Dinditro-1,2 J-bonzondimle-h,é-diol - - e
5,7-Dinftre-1,2,3-benoxaddacol-li-0r T 4 ... oo e
S”-Dinthjl-ﬁ 6-dinitro-1,2,3-benzoxadlazole " , R
K___Hsi‘ngg_ysé_mi h\a-l'3,_355.5“-::‘41-51‘.1.3.44:‘&* e il il e e o
4,5,6,7-Tecrandityo~1,2,3-bensoxadiacole - -
350. Bm\..nuzluomun hlx.rau - - T
2381, '\-f".:..-frinitroﬂ_nillm}bonumdimoiu- nitrats S P Y
382, 1,5-Dichlore-2, L-dinitrcbenzens
"33, 2 ,E-Dinzt*oanisolo PR SR
364, 1,2-Dinifxvetibane T o T o
33). 2 S-Dlni m,muol ) - - - co . - P
. -3 . 2 6-Dinitroplmﬂol - . e, e m A v e v s
387, Z,Z-mnitmpmpm . e RS . .
388, 1,3-Dinitropropane
389, 4,6-Dinitroresorcinol ; . . .
3900 "2,6-Dinitrotoluens
391, 3,5-Dinitro-c-xylana ——
L3092 m".nyl 1,3~dintitrat U . R BRI, -
393. (ﬂivr'ﬁthv)mthmo]r pitrate T : ; :
394, 1,2-Kthanediol polywe?r disi trate ) S -
395, 1,2,h-Butmnetriol trihitruis oo o '
396, :3 ,4,4' ,6-Pentani trodiphenyl other
AL 2 Aemads ——— ol c-m-h
70 Sy AL (A P viliva - v
378. Bthylensdlamine diperchiorate
399, 1;8-Prepunsdlunine diperchlorate
409, 1,3-Propuneditnine diperchlorate :
Lol. Bie{2,2,2-trinitrosthyl)amineg ) : -
L2, ovAeidoformand dine perchilorate ;
L0y, 2-Mathyl-l,3-butanscdiamine diperchLo:&t.a
4Ok, 1-Haphthylamine perchlorate Bl T
- LDS. 3-(Perchlorat&.-.'::cm)-l,?..h-o.ad.i_.,rc'm-tan-B-a.. et el soE TLTETE
E .'\.vn Bensoyd i.—.v‘.‘ﬁﬁ‘_'- A - - :
L07. Di-2,u-cyciopsacadisn-}-yl psroxide ] -
hOB. Pleryl hydroperuride, sodium nlt a i
405, c,J,u,v-x-uruumvaauGG}.a -
L W0, 2,3,5-Trinitrotoluens -
K11, 2,3,8-Trinitrotolusoe . _ - ;
4160 2,%;5-*1&‘.\7%1‘6553 - ’ - ’ © .
413, 3,4,5-Trinisrotoluene . :
Uik, 3,4,5-Trinitru-o-xylens : . ;
T KS. 3,4,6-Trinitroeo-xylene . . T
;-iialé,.,.,_J__Ssirmm-n-num R e e eem s
117, (Nitroimino)diacetonitrile . -
418, Dimethylnitrandns o . S -
L19. 1,7-Dinitro-1, b,’l-bdaulnptm : i
420. 1,10-Dinitre-1,L,7,10-tetrazadscuns - :
L21, l-nsm'v;-;-n* troguanidine .
L22. "Nitramids ’ - . !
N-¥sthyl-N,2,4,5 6-pentan1txo-n-toluidina ' :

" CONPIVENTIAT.
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. L3,
132,

L33,

Je3l.

. L3s,
a0 o3,

“L37.-
L3

.

L35,
hlo.
M,

Lh3.

¥
¢

s,
- L.
hh?l

LL8.

Liigho

ZAQLE 139 (cont'd)

2-tert-BPutoxyothanol nitrate
Tetrshydrofuren=3,Ledicl dinitrate
1,2-Disthoxy-2-propanol nitrate
2-Propannl nitrate :
Eannpltan tetrapitrate
Pentasrythritol diacetate dinitrate
Pantaarvthrd tol diformata dinitrats.

R

Pentaerythritol lactate tetranitiste
Pentesrrthritol m-nitrobenzoats trinitrats

Sorblitol hexanitrate
2,2,2-Trinitroethanol nitrate
Aninoguanidine nitrate

'

. Quanylerea nitrate

Hydrozylanine nitrate -

H-Me thylhydroxylamine nitrate
Piperazine dinitrate ’
Succinonitrile

Malorionitrile

1,Li-Dibromo-2, 3-d.i.n..t.robam.ene
1-Bromo=-2 h—dinitrobenzwq

2 h-Duxi'mnesitylm :
3,5-Dinitrosaligyclic acid
1,3,5-Tribromo-2,i-diritrobensers

2,2 L4, ,6 6'-&xmitraesoxybmeno

2,2',4,4',6,6'-Eaxant trobibansyl
3, 3’-.“..:-’.*.‘19(9 bb-toisitrophensl) .
1 3-D1ut-lw1-1 J-diplcryluraz - o
2 52';h, ki €,6'-Heyanitrostilbens

2,2',4,47,6,6'-Haxant tro-3,3',5,5" diphsnyltatrol

2,2', h h'-’l‘otrmi trobenzephenone
Ta trand trorasorcinol
2 h,S, -Tetranitro-n-xvlans

-1 » J,J-Hchlcru-? h, U‘u"‘iﬂitruuéﬂienﬂ

Banzene
2-!”’“’1-] 1 (-t_!'( nitwohansana

-Het,nyl 1 J-dhxitrosoguanid.na
Renzans Erio..o-xida
Biphenyl tetraozcuida
Naphthalens diozonids
N NN, W' -Tetrebrosoathyleanadianine

¥,¥'-Ethylensbis(N-chloro-p-nitrobenzanide }

1,4-Dibromopiporasine
¥,N-Dichloroformamide
2,3-Butanediol dinitrate

3~ (Chloratoz.er"uri)~l 2,4-oxadimercuretan=3=al
(t,hl«::rawu\ercvﬂ.)xuarcu.m.cu:et.a.1 dehyde

Hethyle_nebis( I.5itrosohydro.cslanina) anhydrous sodium ult
Methylonebis!{N-nitroschydroxylamine) menohydrute sodium salt
Hetkwlenuoia(l‘-’-nitmaohydrc:r,\,fl_-:‘.aa) diaaoniun sult

Maehiznsbis(¥-nitrosohydroaylamdns

Eonoimionium salit

Hathylenebis(N-nitrosohydroxylamiie) enhydrous cadeium eslt
MNothylenesis(l-nitrosohydroxylamine) dihydre=ts cadmium salt

Methylenso in(N-nitrogohydroxylasing
Hathylenebis N-nltrosohydroxylamine

~566-

l

14ag salt
bis(dlethanolanine dinitrats) salt

CONPIDENTIAL
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TLELE 139 (cond'd)
c- ’ :

L6, 'Methylawais(H-n.,t.roaohydro;ylmirn nouohydrozylam.n salt

L79. Dipiesyl mercury

L80, 1-Hitmonaphsheleng -
©oL81. l,,-Dinit.:-onaphuincne :
i LB82, 1,8<Dinitronaphtbplens o R
S u483. 1,3,5-irinitronaphitriaisne e T ; :
L LBle  1,4,5eTrindtronArnizilens I ST -
" 485, -2-Hethyl-l1,2,3-propenstiriol t.rin.it.rnto

LBS. 1,L4,5,8-Tet _nLtﬁx._pht.'::.lena

LA7.- .;.B-Aetrmimn&phthm:n : )

L8, 5:%51-(2 ,2=trinitrosthyl)aming |-i¥-tetrazole S -

L8y, -hydroxaobhcxy)-l 2-niopanedol trinitrate :

Ls0. -Hyd.roxy-S < ‘-hodb.ﬂ tetrazols i

L1, Sl.fzodd ~1H-totrazole

L2, s, '51.BLa(1- hydroxy-1H-totrazols)

L93. 5 51.B{.1H-tetrazole

Lok, Ma;omﬂ‘ 1-¢] totrszols

L95. 3, h-Bonzylidanu-JA-guAnﬂ =-1-f ’H-statuzol-s-vl) l-uiru'em

Ly6. J-Fncml-l {1H- utrazol-p—vl)-l tetrazene

497, UhOuany1-1-(1H-tetrazol-5-yl)-l-tetrazene

L98. 1l-Hydrocy-lH-tetrszole-S-msthanol . -

'499. 1l-Hydroxy-S-nitro-lE-tstrazols -

500, 1-Hydroxy-ll-tetrazole-S-methanol nitrate T A

$01. 1-lydroxy-lH-tatrazole

502, 5-(2,l,6-trinitroandilino)-1K~teirazole.-

503. l(or';)_tmlnn-(’n- 1)-nttrazine-1,2,4, H-triazole .

50k, S-{Nitrosoamino)-l,2,kL, 1H-trim1o«3-carboxvur acid

505. Bincatylenedicax%czylic acid

506. 2,6-Dinitro-p-ercsol

507. m-N¥itroaniline .

EQH, Thonol

509. p-Nitrophenol

510, "-nt.n‘ trogusnol - - — - .

S1l. Phenylhydrazins ) N . -

512. (D-utmnhﬁnv] ’hvdFAa‘ ne e

513, (2,3,L,6- Tetrmibmphenyl)h drazine

S1k. (2 3,5,,,6-;anunimyy}wnyl,guydxaains

515. Nitrobenzeno _—

516. Pentanltrobenzens -

517. BHexanitrobenzens .

518. 1,1,2, 2-ztharetetranitrmine

619, 2%t t.rothiophene

$20. 3-Methyl~2-ni croaothiopham

521. 3-Kuihyl 2 h—dixut.robhiopre'w

522, Uinitrcecsiyliele

523, 1,1,1,3,5,5,5-Heptanitropuutane

52h. 3, h,S—i)'quino-l 2,h, lH~triazole

525. Guarmzole

€26, s-Aminc-1.2,4,4H-triazole-3,5-disl

£27. Urzzole

528. 1,2,3-Trlaminoguanidine

529. 1,2,3-Thiamdnoguanidine dinitrate

S§30. 1,3-Diamincguenidine

531. 1,3-Dlaminoguanidine nitrate

5o CONF IDENTIAL
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32, Oxalic acid, nonohydrnme aalt
§33. -Oxalic acid, bis(hydroxylamine)salt
534, vxalic acid, semlcerbaside salt
535. Oxalic acld, sminoguanidine salt A
536. Carbohydraside ' o
£37. Oxalic scid, monocarbohydrazide salt N
538. 1-Cwbaaylcarbohydrazide
_ 539, 1,5-Dicarbamylcarbohydrazide
5L0. 2,L-Dianminc-s-triazine
sli. N, N'-Bi(ethyl c.ubuate)
5)42. Blure&
S43. HB-Guanidinooxamic acid N
Shij, S-Aminc-l,2,b,lH-triazole-3- x.arboxyuc acid
sL5. 1,2, 3-Txiuinozuanidine monohyurochloride
546, 2, !J'Dimlno-()-ﬁv yles=-trizziine dinltrale
su7. 'retramvdro-l 3,5,7- utrnﬂno-u-triezolo[a] ~s-triezols
sL8. h-mmmnidim-a-trlazine dinitrate.
sL9., Cyamu-ic trihydrazide
5§50, 1 vanoguanidine
551, Melamine
552, Oxalic dihydrarids
1553, "Oxemide
€54, Cyamuric acid’
555, 6=Hitramino-s~triazine-2,L- diol
66.. m-Nitrotoluana _ _
557. o=litroplenol
858, n-Nitrophencl :
559, m-Nitrophenetole : e L
. G&0. o-Nitrophenstole o ’ : C
$61. p-Nitrophensicle
(4 %) -\N ‘--e-l 14—- -

563, p-mtro-u:iline

565, m-Nlc.roacaumili‘h
566. p-Nitroacetanilids -
$67. 1,1,1-Trinitroethane
568, 2,4-Dinitrophenatole - e
56%. 1,1,2-Trinitrcethane

€70, 2-Mathyl-2,3,3- ~trinitropentana

571. Picramic seid

572, p~-Nitrobensaldehyde

573, 1,2,6-Hexanstriol trinitrate

g7k, 2,2-Dinitro-1,3-propansdiol

£75. h,h-Dinitropimelis acid

576.. 1,1,1,3~Tetranitropropane

577« 5y5,5-Trinitro-Z=psnianone .

578. Mathyl h,k,L-trinitrobutyrate -

579, 1,1,;l-Trinitro~2-propangl ‘.catat,.

580, buk, b=Trind troei-( 2, 2, 2-trini troetlyl jbutyreal de

581, 1, 1-’41.(‘? 2,2-trini Lroatnyl }-2-{ni dazortione

g82, L h-Din.ethyl-b 45,5-trinitro-2-pentanons

- 583, Dieth‘yl {2,2, 2-tr*n1trcethy1;malo..!te -
L 58L. M,N'-Bia(2,2,2-trinitroethyl)-1,h-piperas ;inedicarbozantide
t 585, U.ﬂ B

CONPIDRATIE,
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TALLE 139 (cont'd) - Lo - -

-Guenidinocscetiv &cid
Ethylures

.;,;-w.amydxmmyl)ma S
2-Imidazolidorns

_ 1-Mthyl-l-phsuyliydresine

Bydrazobeadene -

Tetraphenyllydrasioe - ST oI T e

Etuyinitrasins . S R ¢ S

1 ,3~D’1.nitrcilidlzolid..:a -

Acetone

3,3 '-(H;womm)mpropionitriu

h, ~D~mtw14]5=1ierc-~-wnwmu-

i-Ficryiasiridine

2-(2-Uitrovinyl)furan .

2-M1tro-5-(2-aitrovinyl)fursn o o

2-(2,L-Dinitrophsnyl)-5- 1tro-2H-banzotriszols -

e, oslini trotoluena -

E-(2,4=Dinisrophenyl Ydiethanolamine

2-(2, b-DLnitra::udnog-‘-(hqumthyl)-l,j-pmpmdial

2-% L=Dintitroanilino)-1, j~propansdiol
(2,u-Dinitroanilinc Jethylexinglethasol . - - _

1,1 -Zthylensdia{3-al troures)
1-(o-Eitrophenyl)~li,Z-athasnedlol diniis=te
1,2~Propanediol 2-aitrate 1-(5~mtro-2-i‘uarlu)

H-ricryldiethanslamine dinitrate ) ) — © -
M-ra thyl-E,5-dlaitio-2-furcaids - .
N,N'.Dimsthyloxmaids
K-Mothviglycolamice
5,5-Digsthylhydantoin - - -

3, B—ﬂl-Obq'l ‘2,5"‘1“‘?::1&."3“‘
liibroethnne

~1-Bitropropans T

2«Eitropropans . _ T L L B

i-Eitrcoutanse ta ’ : z ’ N

2-Eitrobutens

1,1 *IZ-Rydromriuu:;rlma)b‘ s(3-nitrogusnidins) wojonitrute

3413,4,2-Trial hydroxyme thyl )ethoxyl -1, 2-prepanediol peatsaltiaie

2-{31 17l cxymothyl ) -2= (nydroxysethyl)-1, 3-propinediol trinitrets

1-84 tro=3~{1-hydroxyetayl Jyuuaidinae nitrate
2.-(Hydroxyxathyl)-2-{propoxysethyl)-1, J-propansdiol trinitrate

2,2-Bis(ellyloxywathyl)-1, ?-prupancdicl dinih'ra

1- "1t:-c-'! (2,2, 9—&:-‘..21?,-"-"‘"’1 ward dis

Byl Lk, b-—ermumbutyntu

‘_1.-&11:.1-0—3 }»,J-dihyd“oxypmpyl)zunldiu dinitrats

I=Eitro= -{Z-iFiroxyetiyljguanidir.s nitﬂ.t:e
S-Pentanediol dinitrate

1]

203,3,4,5-Pontazsthyl-1,1,1,5- tatrant troliszane
1, ,

6-how-d101 diriitrats
1,i-Butansadiocl diniirate
Bis(3, 3, 3-urindtropropyl) suifone
Oxaliniqic dihydragicde dinttneate
Diethyl 3,3, 3-trinitm-l-prop&naphnaphonate
h,h,h-"rinitrobutyrldds )

571 COMFIUZNITAL
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' 6LC, Dinitroform, dioxane sddition compound :
© 0 6l - 5,5,5-Trindtro-2-pentanone N-nitroguanylhydrazons.
éh2, 5,5,5-Trinitro-2-peatanone semicarbezone . . _ . __
s6a3.  2.2-Dinitro~l-propanol derylata . .
© bbb, Mithyl nitrbacstate ’
645, 2 S-Hexanedi{ol dinitrate :
6L46. n-Butyl L,k,L-trinitircbutyrate

s o
b

¢
4 8L7. " Diethyl 3-hydroxyglutarats nitrate
z __ 848, -3,3,5-Fentdnetriol trinitrata
s 6L9. 1,2-Butanediol dinitrate
. 650.".. 1,5-Dinitro-2,3~dinitroscbenzens, potussium ealt
¥ 651, 1,u-Dindtro~2,3-butanediol dinitrate
652, " 3;3-Dinitro-1,5-psntans dilsocyanate e
T 653. 2,2,L,4-Tetranpitro-1-byutanol acetate o
: 654, 3,3-Dinitro-~1,5-pentanediamine
. 655, Methyl L,L,6,6-tetranttrocaproate
t 656, 2,2,2-Trinitroethancl methucrylate
H 657, 2,2,4,4-Toani tro-1,5-pentanedi ol
: - 658, 2-Nitramino-2-imidazoline’
. 659, 2-Nitramino-lenitrc-Z-imidssclins T ,
i 660, l,h,5,6-Tetruhydro-2-n1trminopyril;dina s .
s ! 661, N-Nitroethylensinmins polymer-dinl dinitrsts ™ el
i 7 7 2. 2,1¢-Dimetnyl-3,6,9,12,15-peatant tro-3,6,9,12; 15-pantasahioptidecans -2, 16-
- dicarbonitrile )
P 663, -2,13-Dimethyl-3,6,9,12-tetranitro-3,6,9,12-tetrazatetradecans -, 13-
H dicarboritrile .
t 66l 2,10"-Dimsthyl-3,6,9-trinitr0-3,6,9-triazaundecane-2,lO-dicnﬁsonit.rile-
: &5, 2, T-Di_;a_thyl-j,&dinitrod,é-diaznoct.;an,'lr-dicmonitrile
H “ 666, 2-Nitropropena polymer
i (67, 1-Ethyl-3-nitsrogaanidins
£ T T 668, 1-Mitro-3-propylguanidine
N 669, 1-Butyl-l-nitraguanidice
£ - 670.. 1~Amyl-3-nitrogusanidine
£ - 671. Guanidine
H €72. Pyridins ]
-z 673." Ethyl acstate .
t &74., ‘g,&'-Isa?ropylidenebia(é-;pit.ro-o-cusal)
H 675. H-Zthyl-l-nitrosoaniline
CF 676. N-Nitrosodiphenylaiine o
&77. 1u5-Dimeihyl-iH-tetrazole :
678. 1-Prienyl-lH~teirazole -
v 679. 5-Phenyl-lH-tstrazole .
680. S-lethyl-l-phznyl-1H-tetrazcle
£ 681, S-Mathyl-2-pHanyl-CH-tetrszole
682, 1,5-Diphsnyl-1H-tetrazole
M €83. 2,5-Diphenyl-2H-tetrazole
: (8L, 1-Phangl-1H-ietrazel-S—ol - - ) .
T 635, 2-Fhenyl-2H-tetruzole-5-carboxylic acid
3 68&. Ethyl N-lH-tatrazol-S-ylearbanate
. 687. M-1H-tetrazol-S-ylacetarids
688, 1H-Tetrazol-5-ylguanidins
609, S-Kitramino-1H-tetrazols monoguenidins zalt
- 690. Benzldehyde, lH-tstrazol-S~ylhydrazone . .
i ’ CONFTDENTIAL
! ~572- -
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Hydraeiuve hydrate .
Lyb'~Cyrlohexylideneb.a(2, 6-dinitrophanol)
2,2'~-Hydrazodiiscbutyronitrile
Acetu. 1,2«diphenylhydrazide
N,N'-Biacatanilide _
N,H'—Bibenzmida a
Halonic dihydrazide

Succinic dihydrazice

=573~

TABLE 139 :(cont'd) Lo
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SECTION XVII
Caimil atdam Pouay {nu7)
Caiculaticn of Power {nu7)

E.sblonvea Coq:mmda end Mirt ures

. Ao Abatracht

A previously dovelapbd r-éthod 'or the: de.lculation ‘of the i.npulse
onaiianis naa basn succeszinily sdantad. to v ealenlstion of DOMACS
gh exploaivoa, relntiva to "Nx. Tho success of this method 48 indi-

car,ea by the correlation =shiioved buiween the cilculated power (MAT) and
the measired ballistie mertar valuds for 1il ura coapouids; 56 pixiures
of organic ‘explosives and 30 mixturee of u:plaﬁiua containing metals. In
‘the cese of the pure ‘compourds, the average deviation is +1.6 while the
standard devistion 48 6.7, Tn the case of the mixture calculations, ths
avorngu devistion is +0.1 wailu the s mi,&rd deviaivion is 5.0. .. Corresponde
ing figures for the metallized mixtures are =0.3 for average wnd 7.8 for -

standiard deviations, . "

By using the system described in Section XVI for calculeting the
. heat of combustion, snd the method described here for cnlculnting nR1, it -
- ,13 vouible to evaluate a pure corround or uture, ag to power, vy & few

3;
‘E:
B
o
g
l
g
Biel
K
£
E:
E‘
!
E
5’

pou..d.

_ Ba Introduction

power of a high' emloai 1] ('pure compound or mixura) from thvr-r.udynauc
data which pires results bearing a direct, virtually eauivalent, relation
.to the power of the czplosive 38 measured in the ballistic mortar and the
‘necw~type spherical lead block. Power =g ased here and &s measured in the
ballistic mortar 18 that force exerciced by an explosive burning in an
ercloséd space, large enough only to contain the explosive. Thus, it 1s
energy developad at virtually constant volune. ALl t.heruodynanic date ere
thereLori refarread to constant wolur. .. » .

Calculation of ‘the PV work prouuct (F nRT) according to the sim-
plinad procoduro of Hirschfelder has basn uzed for propcllent poudars for
--goms tims (i0). The spplicaiion of this same method to explosives has bewn -
described brie!ly (6). This presentation extends the calculations and data

presented previously. Calculations of a large rumber o1 pure compounds,
mixiures of organic compounds and metellic mixtures indicate the value of ™
this method as a taol tor quickly eva.hut,ing the power of an cxplx:siv:.

In this method, one hundred times tho quotient of the calculsted
_ ensrgy_divided by thelenergy of a1 equal weight of TNT expreeses tha powsr
of the explosive in térme of per comt TUT.

-575- : Arthur D, Little, Inc.

:
!
!
:



CONFTDENTIAL
3EZURI ST INFORMATION

i

Pravious simplified methods erployed in ths calculition of power
: of high explosivos have assumad an overall specific heat for tha product
z © . yases formed in the detonstion (1).: The system described in this report, .
by ‘applying the Hirachfelder method of cnlcu]lan temparaturs, takes into - .
G -agoount the variation ia specific nam ior thé varicus prodict gases formed '
i over the particular temperature range involveds Thus 4t is belisved that
- - explosion-tarmeratures calculated in the method described in this repert
’ are scmewhst mope reclistio, although it is not claimad that they are the
true values, since they do not teke into account the dissocistion of ths.
produst gasss.. Thé resciisn-protucts vhich are taken into scccuab. m_

govemeq by t.ha unmptiom atntod on page ‘580, _ 7 N B

'» AR 3

' < IV is a.l:m Dﬂuylblc to _correlate the nRi values obtainw with tnose
measured in the new type snharical lead block, & teat method which iz to be
.described in 2 forthcoming reperie This correution 48 Bhown in Tabls lh'[
and briefly discuased.

: "One method for calculating powsr of high sxplosive used in the ‘put
. was the sc~called "characteristic product." (Berthelut) which gsve power as
. per ceab ’m by ths fomuln

P (% TNT) = 0.00359k M * Hg

TR R PRI e

¥ = moles of gus per kg, oI explogive ) ) o
B, = heat of exploslon in kcal/kgs . )
i This systes has besn applisd €o 2 rumber of compounds and mixturam

(hy 93 C.mnurlson of regulte by the nRT and Berihelst mathods of calculs=
tion shows dJ.st.mct adv..ntnzea of the tomer a5 given in the following:

e ) ]
..RT st..ou ) Berthslot sttm

1/ orrelates observed bnllistic _1} Correlates calculatad waluss
T mATtar power valuss with cake _ ' with obsérved lcad block values
culated values, on a h5® line, — * Ton a straipght line, not LS®.
thus glving identical figures. _{Figure &4 Reference (5)); and
- {Sme Pigures &0, O\ and 82). with ballistic mortar on = .
- curved line (Pigure 57 kcf:.u “rce .
S S 1R - = - -

o

2} ‘Applicable {o primary and “2) The sene correlations do not
seconda;y plosonhorss, Auxo- apply to mixtures yielding
plosives, and mixtuiees irnclud- products partly non-geseoud;
“ing those containing metallic - 1.6., motalll zed mixturas,
elenents, L ~(Figare 56 heference (5)).

- ——
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SEETETRY THranm e 1N
" fRY Efk-stnn . ) Berthelot Syatem
3) Includgs calculatiuvn of a - 3) Mo tenrs:'ature calculntad.

tomera‘.ure, nacessary- ¥hen
g85 digeocialion iz coneidered. .

realisiic volue for explosion . T -

k) Results of power calculaiion are L4} Hesults are comparative only.
ca\pable ¢ being expresxsad in S SR
an.n"f‘l am\.a, Codes Giasg;

A series of fhe Derthelot caleulations have been made and Cov’mnred
with the obacr d Ballistie Mortar values (5). Although there wss no
direct, strajght=line relationship shcwn, it was possible to romulate an
icdealized curve, .

Ce Discussion
o i

The simplified system presented here iz based upon the determines
tion of the pV work product of the gases of detonsiion. The comman exprosa
elon for this wurk product ie: pV e oRl, heré uritten as

S e R T zn @

where R ia the universal gss constant (1.987 cal/®K/mole), T is the adiabatic
flams tsmperatura, "X, and £n is the mumher of molea of gas lorred from one
mole of caplosive. Tha porameter, zn, i5 GUl&ined iy writing the detonation.
equation, The. flamé temporature, T; must be estimuted from the equation

W
Te256 s ,Oj x 107 i ey
iy

wnere Q is ths heat of exniosion at constent volwss in kcal/mole, n 4s ths
moles ofvsach gas formad; and C. e ths sverige heat cspncity in cal/role of
each gas, at constant chlun_ rmm the range 248 to Ts Tnis temperature, T,
13 actually obtained by a process of iteration, using the snecific heat
values tabulzted, _(Tsbla lk¥). Fxamples of detailed uuculat*om are given
in Sybscction D below.

B The subsiitution of spprupriste cuantities for gn and T in eguation
(1) gives a value, which when divided by a correspording valua for TNT,
resulta in A powss for the exeloaivs, in leoma of THT, which comnaces directly
with observed bpilistic mortar and spherical lead block measuraments,

It 1¢ fully rocuzniszsd thal in this very simpte metnnd of cat
tan thoru have Ysen -u.:-.- ited several factors, among which ase the nos
b‘lity of dissociativu of -the preduct gases, the eifect of y(the ratioo ot

CONFIDENTIAL
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spacific Laats, cp,/cv): and daviations frow the parfect.gaus lau.

__ _Dimsociation of the vroduct gases would resulit in an increase in
d a corresponding decreasge in the adiabatic flame temperature, thus

ITIn an
" counterbalancing; at lsast to mome extent, the effects described,

It can be shown that in'a sirplified system such as this, ylés
little effect uron the final relative valuesa. This is dus to tha fact that
for all practicsl purposes only diatomic and tristomic. gueo are p*oduced
in the detonabicne A review of some of the iwre typicsl high wplosives :
reveals that ¥ variss pver &n extremely small range, (Talle 1L0) thus making

. a refined treatment of this paramot.er unnsceLsary in a ivstex whare only T
relative values are involved,

.

Table l.hO
Fﬁt‘io of Specific Heates, y; for Product Gises
for Selected High Explosives

7 CONPQUYD © Y for Product
You oua. ) . Qapoa, 2?8'5
] HMK ) ) 137
T - 137
3 Diethanclni tradne dimd trats ) 136
=37 - ¢ Hetiylems giycel dimitrais — - 138-- -
208 123,15, 6Pantani troant 1ne 1.%
Qs Picric scid 7 ) ) 139 |
233 2,3,y 6~Totrant troaniline , 1.38
210 Tatrani tronathana 1.39
313 2,4,6-Trini trotaluere 1,40
328 Methylensdini traming, MADINA 1.3
34 N 3.&1.{2 ; 2etrind troatin) Jureas B 1,3
37 Bis(2, 2,2-uxiait.~oowl)n1traﬁu, s G 1.37
33 22,3, 3=Totowd trobutans o136

Averags . T 1.37

Bven 8t wgh tm--%\uu, and tms icwer x‘l, ine deviation from
&n sverege vaiue is very swali,

‘Thie heats of comhustion \.s=d in n"nes'~ ca.l"ulatiunu wore obwn ncd

Lr bha mabhad dacnwdbad 4w Canidea TUT Té em= Fooem L3 A
~F e v ol L SO0n LN SSCVLSH AVa,. « v wad IGGR vnluv’ pgvuv.-....,, Vs

use of calcnlated in ;.lace of observed heats of combustion gave nRT values
which correlgted better with the observed hzallistic mortar values. The

SONFIINNTIAL
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apecitic Leata, C, /c ). and daviatione tros the perfeet-gas law.

Pigsociation of the vroduct gases would result in an incresse in
~zn and & corresponding decreazse in the adigbatic flame temperature, thus
counterbalancing, at laast to some exteni, the effects described,

It can be shown that in & simplified system such- as. this, yTés
little affect upon the final relative valuea, This is dus to the fact that
for all practicsi purroses onﬁ dlatomic and triatomic gueb are p"oduced

- in the detonations. A revisw of some of the lure typicel high - wplosives
reveals that ¥ varies over an extrsmely small range, (Tatle 1L0) thus making

. a refined treatment of this parameter unnacecsary in a ivstem t-haro onl,)
xelntivs values are involved, :

- Table lbO
Ratio of Specific Heats, y, for Product Gases -
for Selected High Explosives

COMFOU i - : ¥ for Eroduct
Foi - Meus _ ) Grgus, 208°%
22 HEX , ' .37
_ — - - =z Eﬁi . Tomme e : 1.37
35 Diethinelnt tramine &indtrats “ 1436
o537 ¢ Dhetiglemw glycol-dimitrats- ‘1638 -
- 208 2.3.L.5.60Pantant troani1ne 1.3
alsl Plerde acid 139
23 2,3,k 6=Totrant trosnilire 138
2lLo Tatrani tronathans 1,30
31 2,L,6-Trini trotalussse 1.40
Do 328 Methylensdind traming, METINA 1,35
= 3317 7 1,3pEia(2,2, 2etrinitroathy] Jurea 1.3
337 Bis(2, 2, 2tind troetiyl Jni trasine, HOX 1437
' 3 2,2, 3, 3=Teiran trobutans ' 1436
_ Average 1-3"{
the devistion from

Even at ugh tempsre t\mu, and timwe icwer v's, te
S0 awrege value is very swali, R

The heats of comhustion usad in thess calculations were obtained

,i dem Caméian '.:T Té crmam ,,J o - e mas T e .-
! SoTITHn e AV wEmO ZUaliae Vlluv' ROnSTadlyy une

use of calenlaied in r,...ace of cbuerved heats of combustion gsve nkT values
which correlated better with the observed ballistic mortar values., The
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observed hesats of c«w.buauon vere used in the cllculntions shown in the
original oruam.ativn of this method (6 )

: Other thermodynamic data used wera derived: from
(10), the Bureals of Standard Tables (7),
Thess dats, as used in these cnlcullt-ona, are given in Tshle lhl,

12),
12 and 149,

.end the open

u_o 1

. Table 1il gives the energy values required for conveitdng U 0 1imi
%o H;0 gas and haata of combustion to haat: of axplosione

Tatle Ul

Th- rsmodynariic Data for .;olecw.l Feacuono

HyO (1iQ.) — 8,0 (gas)

C+ Gy -——-om,
00 ¢ 0.5 Oy ——C0y

By ¢ 05 05— 10 {gas)

® Beterencs (7)

Constigt »
Frogeive
10,519
FheB2

674636

57199

m::anad %
© Comgtant
Volume

90927 kcal/mol
9360 :

67.34
57308

-~ Tebie 142 gives tha hestse of cabustion and hsats of fusion and
vaporisation for the metals sg L\-ir carrespongding axides enlering 1nt.o

taaoe uléuht-imt "

‘ Tubls 1b2 '
© Thermody Jmic Data for SGeleciad Matals
~ and theis mﬂ\em %dﬂﬂ
L__._“'“’ Speotcs Ymiorizatton Yguilisgion BoPer K

A 199.5L s/ 2.6 o/ 47.9 2/ 70,5 232
als0, - 268/ 65.6¢/ 9.6 x23 b/
B 1510 s/ : 91,2 b 2823 b/
B;0p 53 &/ 77y 82.3 71800 b/
Hg 1h3.G sf 2.2 g 3265 &f 33.7 1383 8/
Hg0 C=e - 185 8/ 100,07¢/ 1 3623 of

l‘_iara’cure (2, 9, a,

.-’J.W

o/ Bureau of s‘lndnrda value (7)3 _/uanm, o/ Estimatod; *vaporiwes at 2073°K

-579-
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In Tsble 1LY are given the specific heuis at constani volume, for

16°K 1ntervals, for the assumed nroducts of detonsation, In extending these

specific hest *ata to TOCO®K it is fully realiged that such extrapclation

of data, infrequently measured for temperatures dove 200C°K, is at hest
guess-uork, but ths lack of data, vagiticularly for ihe matal cxides; forced-
such extrapolationy. It should Le noted that in snite of these ronsiderable
extrapoistions, the degroe of accuracy attained in the final values (¥ TNT)
18 good and appears Lo be in no way rclat.oi to t.ha t.uwerature range lnvolved,
ai least up to S5000%E.

Finally, in making ttige cnlcul..t.ion‘o, 14 was necessary to make
-certain assusptions as to the- pmaucta ox oet.ouation. ‘These &ssumptlione
are: R R e - B :

1. . The oxygen present 1a used. #irst tc burn the esarbon tu C0,
then the hydrogsn %o Ha0, ar.u finall y tha CO to CO;, This follows the
Kigtiak.ouslq-‘dilson assumption, o -

2. If a metal is present, it is oxidized fully before W CO is
formzde : k ’

e Any free carbon ra-mininp unburncd is conaidered a solid and
1a, therefore, not addad into the number of roles of gas !‘omad.

“lh. The metal oxides amsumad to be formsd ramain solids unlass the
“calculated adimbatic flare temporaturs excseds th2 boiling polat of the

~oxide. If the boiling point is exceeded,, the heat necessary to vaporize

the quantity of oxids 1s subiracted from the hsat of oxploaion and the
adiabatic flame temperaturs is cecid-vlateds Thiz may vesult in 4 calculated
tesperature less than the bmling point, indica*ing that only p’n- ‘of tha
oxide is vaporized,

The accuracy of this mathod af calenlntdon of pqsgu_sr ia {1lustrated
in Figures 80, 81 and 82 which show the direct rslationship detwsen calcu-’
lated power ard obscrved ballistic mortar values for 1lll pure compounds,

S6 organic mixture_s wnd 30 metallized mixtures, Applying simple statistical
methods Lo tress date, it mry be shown that ths average davtar.ion of the
chzarved fram the calculatad is +1.56 for the puve campouncs {(eliminating 6
ag .discissed’ bclo"),, 4041 for the organic mixtures and.-0.3 for the metule
< lized mixtures. The standard (1votermuan square) devietions, from the mean,
ere 6,7 for the pure c- *mporinds, 5 5 for the organic rdxturcs and 7.8 for tne
metallized mixiures.: ) B

Figure 83, d&‘mm to show the statistical scatterinegr for the pure

- compounds, mixturvs and metallized mixiures, indicate that.these scatie ings

arc generally normel., Tide leads to the conclusipn that “he deviaticne ave
due largely to perscznsl errerz and ars thereluire not istherwal in the systen

qug 3ar persc:

or in tha co:mqunda,,

The summarized results of tha calculetions are gives in Yablsz 143,
1Lk and 1145: Ballistic mortar data werc taken frca i
series {3, 5J. COMFIDE

::
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1. Organic Cowmjounds

PR A

It will be noted that of the 111 purc compounds given in Tsbls 3L3,

only six display deviations

from the mean greatsr then plus or minus 10, that

i1s about thiyee times the standsurd devistisn which ig comisnly considered to

include 9% of the deviaticn due Lo chance,
from the gtatisvical arislysis, are cormound rumbdry 24,

These aix whiéh woro excluded
o4y "Ti; 133, 135, 2u0

tic mortar.

and 2270 Dila oc tkesSs ars summasizgd in Table 14 .
, . Table 6 _ S
ure Compounds Snowing Lsrge Ditrarencss Batween Ouserved
Ballistiir Vortar and Calculated nii Values
Cozpound Power, % THT
Yo, Name 0.B. Cale. Hu4. Dev,
2% - 2,L,5-Trinitro=2,k, 6=triazahentane~ -58.7. 82 120 38 _
1,740 dizcetsts - - e T
71 2,L-Dinitrophenal L ~182 TT5 52 <23~
135 1,3=Dipferylures <0 a3 2007 76 ez
136 Hexanitroathane. T el2a7 . 75 108 433 )
240 Tetranitromathans Le49.0- 58 109 451
327 :¥itroform +37,1 90 125 3%
Of these conpounds, the large negative deviationa for mmbers 71 and 135 may
possibly be excleined by the fact that these were not actually the conmrounds
_measvred or perhaps éven that they did not detonate completaly in ths ballis-

Compounds 136, 240 and-.327 have large positive oxyien Lualances,

+42,7, +L9.0 and +37.1, respectively, a fact which givss an exvismstion for
4the large posliive discrepanciss found, for it may Le reasonably sscumad thal
the excess oxygen reacts with the detonater which 1tself has a negative

oxygen belsncc, This explanetion has been
tic mortar measurcments made by the Rurvay
and bis(trinitroethyl)trinitramdne (i:-.),

conbngtibie zeal. The explosive charg. of
gram of PETH bass charge, and 0.h1 gram

[+)4

substantisted by two recent baliis-
of linws, Tetranitromethane 2ULN,

L '37, were raicacured using in place
_of the usual electric d:tonator, a modifi.

Fa. 6 type detonator free of a
thiz detonator consisted of 0,29
15~29 DDNP-KC].O‘ primsry Chi)'gu_o
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TECURTTY IN-ORMATION

o,

The ballistic mortar value for TNH wes therely ieduced from L1 lc 109% THT;

_for HOX frum 155 to 139% TNT. Thus the devisticn between measursd and cal-

culsted power for HOX, the eniy otherr compound of high rositive oiygen

balance, wee raduced to +1), or within the range of acceptsd srrere Th~

1??3- givfp-an"c Bt111 existing hetween the maasurei and calculstad velnes I
for THM may weil be explained by other thermodyneril characteristics of -

this wmaterial (nes pege L76). The devistion of «36 for compound mimber 26

can no% bve explained except to state that there s the nosaibi¢1tv tiat the .
compounn me.suzou wae not “hat it was thought to be.

Althongh it :' ;pear verranted to make any generalizetions
eonzeTrdng & J pedzured and caloulated v a8 and tna
vrobirble degsree or nurity of fha éonround or the acciiracy of meassrenent,
it should be pointed out that deviations bLatween measured and calculated
values are at a minilnum for compounds which are best known and herre
rrobably rmost rearly puro, Arong such corfcunds are hMX (22), RDX (23)
ethyl nitratc (102), nitroglvgerin {181), nitromsthane (185), PETR (207<
picric scid (21£),. Tetryl, (‘53; ‘and HEDINA (328). )

T 24 anlosivcs Pixturos
An even bettor vorrs lntion is 1nd1cated for the osganic ﬂixtJre:,
a3 shown in Table 1kl and Firure 81. This may be dus to the fact thst the.
‘mixtures are generzlly made un of the mora corwon, and hcnce better .
evalusted, compounds xuch ez TNT, &2Y, PETN and ENA, 2 in the case of
oura ccmacunda thers . may be aﬂan the effact of positiva oxygen balance
(Mal10, 411 and 412) upon the ballistic mortar values, .

in Figure Bh, there sre piotied thé méasured and calculated values

io -—for & seriss of Cycletels (RDX/INT). Thia figure illustrétas one of the

uses this celculation sysiém has, that is, sn indspendent check on observed
values, Kere it appssre that there ave discernatle errors in the measured
vaiuves {or there-is no expimiaiion for the ratner erratic behavior indicatled
ia the range of LO to 65% RDX (MLL1, LL2 and LL3). Rather, it is to bs
expected thet the power of this mixture increases as the pe cent of RIOY

is iﬂt.l‘aaS:u - ou,ﬁ:’{l by the calculated powersae . R

Je HetnLlized Mixturas

%

- - The calculation of wotallized nixtures is aiisndsd by adde

¢

T complications, including gross sssurmptions as to the producti formsd,

whether the inorginic oxides assuried to be formed are gsmseoma Hr solid, ad
f£inally 8 genaral insufficiency of thermodynamic data., As pointed out
previously, tho mutals wers assumed Lo oxidize complotely (i.e., to Aig0,,
B.C, or Mg0), 221 calcowlstione were mode for ooth soldd and gescous motal
ox*d»s and s5 will be sean in Tebls 1L5 and Figuve BZ, the corruvsvonding

113" and "gaseour” valuse generally lis &uove and belou the line,
rsspac:ivg ly. Hsacs, it would appear that a trus cosrslabion iice betwean

~501- Arthme D, Little, Inc.
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the "3014d" and “gasecus” waluzs, This is bomue wul by the 5,8 averace
deviative ohown whan the “5olid® and "gaseous® figires are considsred .
together (Figurp 81l :

Beczune of the assumptions which had o be meds and beosuse some - .
" of the tempsratires calculsied are spparently out of the range which can ¥

. ba handisd aonfldentlw hw emsh o 2l2sSli2i6d 55505 iV 16 ool cisimed that -
the caleulated fworct«urn and mrgia for matallized mixiures revrasant
the &rue valuss, They e, nowever, gAnSrally of the samse relative order

of magnitude sy measursd by the Lailistic moptse and the zpherical lead
block. {Tabisz iL5 and 7). : .

Trare 1s gowe reason to belleve that the pover values foo =metal-
11244 mixtures as reasured in the ballistic mortar and lsad Llock to date
nxy be comewhat in ervor ss 1)lustrated by Pigure E5, Thers it is shown
that tne ballistic mortar and c,li.m—ical lead block msasuramenis for a
sacies of Tritonals {THT/AL) disagree us to ths optiwmm per cent of aluminus,
that $a_ the lasstien of ths pIax Si-—une—Curves CUaicuiated pusers dre soms-
what lower than Momsired p--.-r~ tat 2z2in thors 15 goasral mgicemens beiween

o,

P EIR N

-

PR Y SR T

the observed ballistic mortar and caslcylated nKT as to the penk end (ks
overall shape of the curve. :

Since 3t ig genorally believed that the ballistic mortar and the
spisrical load plock measire shock power, a2 contrasitsd o biest power, ths
use 0f these iwo test metnods, and hauce the nfAT cslculatiocn asthed, camot
bu considered es a final aseas of svalusting mstallized eaplosives,

L, Ca'. seoiationr of Spherical Lead Rlock Measurements and nRT

The new’ {vpe spherical lead block will be discussed in detail in
s forthcoaing remoit, It 413 sufficient to point out here that results ere
hased unon an siradvalent usight, 4.6., oii = wwikiii of explosive requirsd to
give an expasision in the block emrivalsnt to a snecified expansion for TNT,
The power mepsuremants resulting from the sgherical lead block correlate
directly with nRT calculations and therefore also wv.th ballistic mrrtar

yaluer. This is ghown in Table L7,

[

: Taking all the values given in Table 1)47, the average dev;ation
4- calculated to ba 9.1 und the standard deviztion 4.5, Thus the corpela-
tion (indiceted to date on twenty-nine compounds) of calculated rii ~ifh
spherical lead block msasurssents iz 43 grod a8 with baliistic roriax
naasuranents. .-

CORTTURNTT AL
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§.1= TTRTTY JHPORMATICH

S o 7 Table Ui7-
Corralation Hatwsen Calculatsd niT and Spherical Lend Rlock Meswurements

Power, 9 NI

. Lead:
| Exiylosive Commound or Mixture . falc. Block Dev.|5.'.
iire Coreounds
22 HUX . 152- 256 - 5 [150
23 RDX “152 1L9 - 3 1150
182 Nitropmanidine ; ) 95 96 + 3 {17
255 Teiryl s - o o 127 12b -2 [130
310 Styphnic acid 103 102 -1 |1,m8
313 2,l,6="rinttrotoluene 100 150 0 {100
328 Methylenadinitiraxine, MEDINA 158 - 155 - 3 188
337 Bis(2,2,2-trinitooesy2)nitranine, HOX - 12 128 + 3 ]139
342 SeAmine -lH-teLrazolz 95 n.d, - -
352 Hydrazine nitrate s 122 122 -1 -
956 leAming-J-nitroguanidine . 13 3in A N
Creanic Hixtureu - i o o e
THH/ NT, SA/LL ‘ : 152 150 + 8§ -
ROX/TMM, 77/23 : ; 16 153 - 3| -
HAXMHNY, 13,3/545,7 o 3163 152 -1 {
HOX/THT, Bl. 8/18 2 W8 153 + 5| -
Ninrualﬁl-, 89/20 {cast) ) 151 356 -1 .
MEDINA 'u‘?:’T/xetryl, 50/10/10 153 7 =6 -
MFLINA Tetryl, 80/20 155 152 -1} -
¥EDINA/Styphnic acid . Wy 151 + 2 | -
KDX/Hydrazine nitrsta, KG/Ls R W6 150 ¢ L | -
RUX/TNT, 61.22/48,7% . 130 1 -6 | -
: - Aly04
Matallized Explosivea SHate
| 0) O ' . solid 61 59 -2} <
- ) T zas 60 -1
Torpex 11, KDX/TNT/AL, L2/L0/18 sclid Ll M+ 3 13k
o - - o . gAe 132 +12 :
Torpsx IINitroguanidine, 61,17/18,83 S s0lid 1357 131 - 8% -
: ' - gas 126 + 5
Torpex IT/Witramineguanidine,S7,92/42.08 solid s 1k -1 -
' . gas 132 v 2
iiuminized MIDIHATUL. MEDIKA/TNI/Al, 76/19/5 solid 156 152 . L | -
gas’ -~ 152 s}
?2/1R/m solid 160 157 -3 | -
zas 153 s U
68/17/15 solid 163 163 o~
) cas 154 + 9
6/1%:/20 solid 16L 161 - 1 | -
zas 15y + 5
# Nsw-typs sphericel les.: biock.
T g TIAY

——— e e
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SECURITY IN t"o MATION

S« Application to New Comounds and MHixtures

. It is believed,, howevsw, that this ui"zple‘ad eya..m has a more
important application in predicting the relative power of pure compounds or
nmixtures ga they would be measured 'y ihe hallistic mortar, A nusber of new
- umisual compounds and rixtures e‘li‘.ﬁ have been nropossd as high emlasives
ave rkeen calculsted. fow Lynical onss are given in Table 1L8 to illus-
irate the aDplication of the methed for ca.lcul&tina heatz of corbuation

\Jecn HI AV&) ard v powes mewWwod Licie Acaciibote

- Table LB
Properties of Selccted ‘Hgﬁ Lnergy Comnourds

Calmulated . -
| . Q‘I;, Cale,
.. ) Nams - 0,P, Keal/mol LK LE
5-;rinitmaethyl-]ﬂ-tetrazole 41,0 267.7  267.1 .60707;? 164
1,1, 2,d-Tetra.nitra.ethylbis(ﬁ-azo- -3k 670,5 6031 SBLy 163
1Hetetrazole) , :
P 1,1,1,6,6, 6-dexuubro-2 - | T0.0 - 698,0 ° 696,0 7390 185
" hexadiyne :
1,1, L.h:hp -Haxsnit.:'o-Z-outm +19.8 65,0 655 o 750 188

- ©Tt is recognized that none of ths compounds lisued 4n Table 1L
o have t2en synthesized ¥nd perhapy sre not practical explosiVes, tut they
o point up the need for examining ertain structural groups, for cxa.-nplo,

: =CoC- gnd the tetrazels ring, which would be desirsble from as enargy 1 noiht

: of view,
It i exp cted that this sytem will be extended to.sulfur~contain-
- ing commounde, i s5mr halsgenatad commounds, and perhaps to miitures conl- i
taining ﬂetua other than thcse covired to date, .

D, Method of Calculation

. A form devised to standardize and €xpedite the nXT calculstions
is shown as Figures B% and A7, the olverse and reverse sides, respectively,
The following discussion of niocedure ie presented in terms of a typical
step-by-step cslculation for compound number 23, wWDX, Flgures 86 and 57.-

Tt will ne noted that the reverse side f‘om.ain" a smail table for
ceiculating the hazt of combustion fram the valucs of a' and b', as P‘Ven
in Section YVY of this rsport {ses Tabls 40 }s Thoss values aro seried

CONFIOTMTTA
A ALICELARE I
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NESTY Y YOO HEATION

for the \ar&ouu groups present f.md Q{;' (Hz0 liquid) calcv lat.ed from t&e general
equution .

ey (Ha0 X5 7id) = o' ¢ z{b'.

Havlrg calculatsd this B % (HaQ liquid) for the compound, there is addad _che
value: for anqT to correct the value at constant pressare to heat. of combug~
tion at constant volume, & . ‘l‘hesg values of S50U.T aud 507.L a5 ihen * -
trancforred to the "Calc.® @ and Qg lires ¢a the frunt side of ine shset
Trom tho vaiue 67 537.U 18 Xiotracist the qumuty (3e0 X Fo¥€7) w0 cuuvwn
to Ha0 gas (Sae Tabla 11:0J. From this value for heat of combustion at
~constant volume are then subisacied the enorgies required vo-nuin any C 4p~
CO,, CC to CO, and Hy to Hy0. Thus, in the case of RDX, the qua-.tity |

(3 x 67.3l1) 1s subtracted from the value of 477.6 to obtain thc heat of
explosion at constant wglusm in kcel/mai, The naxt step involvos & series
of iterations to arrive at an axplosion tewperature, - Thiw 18 done by assum~
ing a temneraturs and setting dosn on the fora the specitfic heats of the
detonation products at thius tempersiure as obtained from Table 1L45. The
surmation of the products of these specific hosts and the nunber of woles of
each gay present 1s then divided into the heasl of @aplésivii, maiiiplied Uy
1000 (to convert from kilogram celories to calories since the specific heaisr
are piven in the letter units) and added to 298, the bass taierature, to
give an Agpmxmte_tggparabura. _The._trus temnerstura lias hatwasn thase
zporoximiite and assumed temperaturss, The syotem'is repeated until there
rasu1ta 3 final celculated terperaturs corvasronding to the sseoume? towiera- i
ture, Talo Lempiraturs is next ineswred {n ths nkl equation alons with the i
value for an, the total moles of gass foimed, which hasé béan obtaincd fra
the detonation ecuat’cii, (Zee assumrtiocu page 580). The units for nAT thua
found are kcal/mol. Subssquent conversions are made to keel/kg and then %o
f¢ lbg/gram, The latter, whon divided by the corvesponding figure.of T01.0
for TNT and rultiplied by 100, rasults in an nRT product expressed iu terme
«f per cent THT, - -

There is nro\ridod on this form e snace for cnlcumting the molar- - ',
i
high a‘q.wbna. N !

I

In the case of organic mixturee, it has been found desirable to
bnse 211 cal-ulation on & tetal quantily eoulvalent to one mole of the i
mixture, Figures &8 aad 8% ylive aii example of this type of calculstion
11lustrsting the mixture of 60/LO ELMA/THT (Ednatol), By dividing the
velght rer cent Uy the molecular weight of each of the copponents, & molar

(‘ﬁh)'l“ DERTIAL
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. . ' . - Flgure 8
CONFIDENTIAL - CALCULATIQN OF PCUER JY Tk nle HETHOD

SECURITY INFORMATION ,
e su-w.r.uml Forzula Mame _ADX B} -
; o 8 Nuber 21 Molsculsr Welgnt_ 22313
£ 2N 2 P L
K Ogvgen Yeoded 20 atass/mol spd
. ‘i;u\/ '

) OJygcn Balange ._41.;6____,__.@. 02/100 g cpd

1O,

Detonaticn . CHaNaOg 360 » 3 Hg0 4 3 H,

____Q—mls m/m... ‘compound

Vv o . ]
Qe » —LIZ&  Kealfmol (H20 gis) Obse Qﬁ’ - ._jm.ﬁ_._.ﬁul/-d 120 14q.)
v N . - .
. 2206 Ked .- &
% - Keal/mol (HQ0 gas) Calc.QP w __SQILT xra.l/up (8,0 11g.)
\Tharmdynm.ic Data Referénce:__ - __ Qf » — 50Tk
No. | . Pro- Average Co (cal/mol/*K) fro..: 292° to Auuuod Flams Ta:po"aturo
M¥ols duol | J19n N 4290 °K s f ] °F
BES ] g
i3 | BO ) 10,00 | 20.06 L I T
' 3 @ | 650 6451 ' ;
3 2 645 | 6.7
_ .
Yy - 1
]
¢ N
1
Z'g 68,851 69,12
- 3 - =
Y | wa 4285
FeBTinm=1987x 4285  x__ 9.0 x 1072
- 716. 53 Keal/mol
- _Keal/g
- _;'xw.m__ £ lve/g  {3.067 ft lbe = 1 cal)
— - e ek ( J
i Calc, Powar-—‘ﬂ&—» 152 % TNT
' 701.0
— Ubs, Fower Be He = __50 _ < mim { "uMinsa )
Equiv.Power, Lead Block = 109 % __TuT ( )
-558- CONFLLRIT Ak
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Campound Nuuher 23

B R o
i .

i

ey

< = and AP Namt.. -
.1@14&4..- cfa s G2

Structural Grous '
No. “Nema . at | b X - 3.0
1 P‘l;‘:gfin -1 5;7 ,520 H n 20
2 5itradne (o) 1 255,91 .0 R S
_aSec, Amine (3} | Cla2i -.12 - =0+ 17 ¢ 12 -
an o I i !-
skt o__ L5z O.55es
T
b & 5E .
% (120 1g) :Jﬁul.
v aniT K 2.7
Qc (d:ﬂ Ua)_ c67.L _ o -
& % & £ W & ¥ _ .
Otber Salculations apd Notes
g H 3 N
——
Se=e Hue 302U
Arinur D. Little, Inc, Date 12/20/%)By._ Gid
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CONFIOLNTIAL CALCULATL: OF Powiil 8Y THE nK7T METUOD
SECURLTY INFORMATION
Strugtural Formils Heue __idnatol
LD+ /THT
60/40 i J‘-"“ A 5
0.3997/0.1751 © Number. ko Polecular Welcht 173.67 |
. i
Gygen Needed . +5.2935 wtows,/mol” spd ]
Qaygon Balance ___wui,72 g 02/100 ga cpd }
0.69h2 (.,H,,n,o‘ 4 COns N
Detonaticn_0.3055 Lallglisg b e ARl ls
T TS ia e_ﬁdﬁz_:mh gas/acl. sempound :
Qg - k80D Kealfaol (20 gas) Obse Qo= Xal/mol (0 1q.) |
EETYRENY B — -- f
% - w0l (30 gus) Cale.Go v ——  Keal/mod (Hp0 1a.) |
Thermiynmc Xhu References .. _ ’ L N — :
No. Pro-{  iverage Cg_ (cal/..asl FoKJ tron 298°* to leumod ’-lm Tupcru.ure -
Mols | duct | ~ooo LE :'
rw i n .
[
5p _ ! i
- B i e . ] - . !
26 1P 9 | ) ]
39200 1% 1 s
wan | ¥ 6.19
PRI I A
02
¢
1 :
H
vl 5.9 y i
w296+ .&-J ()3 '5 :
=258 £nC, 2929 gl
. l oo
F =B T-La = 1.587 x_zszzs___s_n.z.az__x 10-3
i o e h7.79 Keal/mol
- . - 20552 - Keal/Kg , "
e Bl fe lbefg (3.087 £ lbs w1 cal) o
-__ / { ) .
Cale, Pﬁwﬁt—@&:&——- 171 4 i 7 !
[ dey
Uba, Power B, M, = __121 £ TET ___ (_kef. (5) ) - '
Equiv.Power, Leud Dlock & ___ (" ) i
—600- T DERTIAL Y
) i



CONFIDENTIAL Figure 89
SECURITY I NFORMATION

Compound HNumber __ ¥.iL9

Calculation of Heat cf Combustion
Structural Greup . .
No. Nama & b X =
- - _% J A2
'[_ ]b
B an =
Am - p 4 0.5%
Total
Zv'Xx
Q@ B Q)
-
\d
G (H0 113)
Vo R X 4
Other Calculations and Notes
¢ ] w | ¥ 10
1,383, | L. 1652 J2.776R t 2.7768 1
2 1406 11,8290 10,937k 1. 8348
3.6240 | 6. 4002 13,6902 | L, A116 ]
2. 8L71 11.8471 |
1.0026 HaU
1.76L5 H,
Case Jo. _ __ 582b7
Arthur D. Little, 1inc, te 2-¢7-32 By BhA
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Meure 0

\IUNb‘;DEIJ’?I L CALCULAT1ION OF POWER BY THE nRT METHOD
SECURLIY INFORMATIOH
Structural Form ia Name __Tarpex 11
~ ™™ /2%
hZ/hO/lb' RDX/ JAL
0.1591/091761/0.5671: Number ____ Molecular Weight 96,8
Oxygen Nesded +3.309% atoms/rol <rd
MAAR2Y T A
Veiv s waligiglg mm Balance -Shlé'{ — gm 0. /100 & cpd
0.1705 CoH:-N32, <
,"E‘.,;'\,‘-v.. c:fl‘\‘:l} Al —_— 1.1 -0~ 0.5908 C + 0-975‘5 HZ& + 003050 Nz

+ 0.2 AY_ O
R i e |

In = _2.9325 (3.2590) mols gas/mol compound

Qc = —351.4 . Keal/mol (H20 gas) Che, Qo = Xoal/mol (H0 iq.)
- Qc -
G = Sl ——Keel/ml W0 g88)  ooqg Ecal/mol (Hz0 1iq.)
Thermcdynamic Data Reference: . L i —
No, Pro- Avara,ge Gy L :olf‘x) from 298° to Assumcd Flaiow mporat-n'e ]
_ Mols | duct| o0 N c300 "X (1530%K (1180)° 3
02
Ho0
co )
1.1520 6,51 6.63 {&.54) (6.5h)
08050 | %2 | ser | 6.60 | (6500 1 (6.10)
oorss 1 B2 | s 6,46 | (6,30) | (6.29)
(A
c .. \
0, Sunf 2,20 £,28 {523} (0.2} &
i
0.3232  1A1,0, | 29,48 29,70 {29.53) 1(29,52)
Indy 32,36 2.9 131,961 131,93
T-296¢$-x.10’ i [P 1|:;J:\' '
mcv 5326 5306 I (Lo3) [T inedl, ' _
LB (3. 25587
p-arw-19?769_c_53m____x~~w x 1073
- _._:amz;__xcmml
# Numsars in { ) (298.5)
for Al;0; (g) e 31923 Keel/Kg
(921.5)
w9891 __ft lbs/g (3.087 £t 1bs = 1 cal)
alc, Power —— %f%——- 10 £__mr
Obs, Power «_13,2368 . % .__%'I__ __ ( Ret. (5) )
Power, lead :ln k ~ 143, ANS. ¥ __TNT { o~ -
Eou'v.Power, a o / CONFIDENTT .
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Al
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0 _AcHs

L0066 11,0085

10086

Loean

WA
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1.9511
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21214
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LU050
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able 149
Averege € Uver Liage fros 6 *K to T

258

E
§ SBISEEEBLE 88:B%EY

>

-
©

883885‘8385 883888838§ 883888‘6855 ‘8838‘85‘88'55 82338588

87
- 7.13 5.53 Sob S22 5.38 LeS . 2,36 7.1 11,0
7.78 Toli 554 Selb Sl SB9 LB S, .38 27,35 U8
X Tl 555 ST 5,12 5.8 428 5. 242 22,38 1n.50
Vels2 Toil 5,85 54T 52 S0 KO 5.3 26,1 7.1 11,53
P84 7419 556 g 5.2 S L) b BAd 7. 1,

1017 T8 5489 541 5. 0,0k kSk 5,37 7700 27.58  L.97
1828 T 5.0 5L 500 6.0 LSS 5,37 27,02 28,00 32,00

S
10,28 T.58 5.73 § 8 | ]
15,37 1637 3¢73 540 5eéd 6400 uOZ  Seud £1.18 P75 VAR U3 N
s
s

10,37 168 571 549 5.3 61 LB 5SS 2100 28.38 12.%
10,8 1A% 5,98 549 5.3 6,02 L6 5SS 2.I¢ 28.71 12,28

_ 28,30  12.)2
10,42 13 519 5. 5.21  6udk LTl 5.8 25,38 26,32 1234

15,4k 1.7 5,8 5.12 5.27 .14 472 5.8 2040 28.3. 12.%
13,18 1.76 5.8 5.73 $.4 6,18 5.7] S.u9 .43 8.% 1.0
10,46 7,77 S.81  4.73 S, 6,05 Nt SS9 1AL 28,31 12,40
10.“ 1.79 Sc n 5.73 Sl?’ 6-16 1405 SOSO 270“ z'eo” l’.b?
l10.ke 780 582 5.7 $.29 6,16 Lo S.50 2148 28,L0 12.kk
10,50 1482 5.82 3.7 5.29 647 L 551 21,50 842 12.b6
10,52 783 .81 .78 5.3 .17 he?? 32 2752 ALy 12.:8
10.53 7.84 5.8) 5.75 5.30 6,18 L.78 5.52 2754 Sy 12.50
10,54 1. 5.8 5,76 5.0 46,18 L8 553 151 M7 12,852
10,55 TeBT  5.84 5o £33 6,19 LT? 583 2157 2841 12.8)

SORPIDRTIAL
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Table 1! . (cotitinued;

Arersge C_Qver Sange from 28 K o T

(calaries/poie/ 5 )

@y H,0 @ a Hy 0, s} HQ Al,0, B0 ne

[2

1700 10,56 T.SA 585 577 5,31 6.9 B0 5.5k 27,58 28.k9 1S5

10 050 7,89 . 5.7 5.0 6.20 LB SeSk 77,60  B.SO 12,57
e 10,59 1.1 <, 5.78 Sed2  6.20 L2 3.5 7.2 26,52 17,59
" 10,88 Te¥ 5487 5.78 g2 £.41 L.B82 5455 2764 28.5) 161
w 10,61 1.9 5.87 5.79 5.3 6.9 Le22 5.56 27,65 28,54 12,63
5 10442 1% €. 88 5.79 %3 SR ¢ 7 SR Y G 56 2767 8.5 1265
i 10,40 v, o R4 5 AN <., h.?2 LA 5,67 27.69 28.57 12,67
¢ 19.65 1,98 5.8y 5.80 534 6,23 L85 $:57 27.70 28,58 12,67
80 10,66 1.99 S.09 5.8 $.35 6423 L8 5.58 27,72 28.60 2.
(2] 16.67 ST 3.90 5.8 5.5 62 L.B7  5.58 Z7.73 28,62 12,73
180 Lusdd 3. 5.9 S.82 5436 bo2L L.88 5.59 27.75 26,63 12,75
10 10.6% 8,07 .70 5,82 5.3 6.2 L.88 £.59 TR 2864 12,717
20 12.70 8,% 5.%i 5.33 537 6.5 Ld5 500 Z7.78 28,65 12,78
K e.n 8.8 Se S-EJ $:37 0.7% L.89 $ .60 21,80 20.6&- 12,30
Lo 10.7? 5.0- 5!92 S-UJ St” 60% ‘Jc” 5061 ’7151 28'“ 12.62
50 20.73 8.6 5.92 S.A& 5.38 6.2  L.91 5.61 27.82 265 12,64
60 10.74 oy Sa7) S.8u 5.38 6.27 L.71 S.62 .83 28,720 12,86
70 10,76 8.1C 5.93 5.05 5.37 6.27 L.92 5.62 27.84 8.1 1.8
80 10,77 a.y2 g e 8.8 . 4 28 L9 £.82 >7,8% 4.1 12.90
w 10,78 8,33 S0 5.86 S0 6,28 4.9 S bl 27.88 28,74 12.92
1900 i0.45 0,14 5ok 5,06 540  6.29 LoSu S.64 .69 28,75 12,9
10 1..50 8.16 Ser> 5.86 S.bi 6.29 LS 565 7.9 28,7 12,96
21 0.8 8.7 55 5.87 Sold 6.0 LS S.65 21.%1 2,77 12,98
p o MR 8.20 So% 5.” Scb’ 6. 't)’-‘ Sa‘g 27.9” 25.78 .00
"n 1(0’) 6.’0 5‘ 50& 501‘! 6"0 “.% So“ 21.“ aOT, UOQ
g0 10.84 8.2 S.97  5.88 .43 £.3) L9T 5.6 21,9 20,80 13,4
£0 30 8¢ 8.22 §.97 5.80 S+l 62 .o .67 . ”‘3; 13,06
70 10,8 8.2) 5.9 5.89 Sl 6432 L8 5.68 Tleow o OF 3,08
#0 10,87 b2k S.93 5.90 5.k 6,32 L9 S 2.0 28,83 1338
i 10,88 8,25 5,94 5,90 5 £.32 L.99 365% 28,3 28,84 3.1
2000 10,589 8,26 Se99 SN Selid 6,33 5,00 570 28,02 28.% RIS
h‘: ch;"c 5. go” 5.?1 S" 6-44 S-C& 5-70 w.OJ ::-e\" 130:.)‘
20 1990 .29 6,00 5.91 S 634 5.0 SeT1 28,04 23,81  13.17
30 10,92 8.3 6,00 5,92 Seli? 6.3 S0 5.7 28,06 20,88 1308
W 10,73 8.7 6,00 5,52 ST 6. 5. s.n 2,07 8.9 .20
s¢ 10, %, .32 5,00 5.9 S8 4% £.03 5.72 28,8 2.90 132
60 10.9% 8.3 6,01 5.93 S4B 6.5 5.0 SeT2 28,09 26,90 13.24
70 18.95 8.2 6,02 5.93 SAk9 6.3 >.0L Sei2 28,10 2.9 13,26
5 10,9 8,3 6.0 5 Sek? 6436 5405 2.7 23,12 8,92 1.2
. %0 10,97 I bR €9 5.50 o5 S.73 28.1) 28,93 12.2%
2200 10,58 B 6,03 Se9h  Se50 6,37 5,06 5473 28,14 28.94 J.a
pe 18,00 u.se 4,01 < o <.<o 4.37 $.06 5.7k 298.15 23.94 1333
20 11.00 8.0 6,04 5.5 .58 6,38 &, 5.7 28,16 2,95 N
) n.m A, 6,00 S 96 5.%% 6.38 L. oTh 28,17 26,96 13,36
W 1.0 8,42 6,04 S«52 6, LR S.T5 28,18 28,96 13.38
50 n,oe B.li3 6.05 5.6 5052 6,39 5.09 5.7S 8.0 28,97 13442
60 .03 8.k 6,05 3.97 £.52 6,39 5.09 5.7 8. 28,98 13,43
70 .04 8,48 6,04 5.97 5453 6,40 5.10 S.1% 28,22 28,99 LIu2
R AL 6,06 €97 5.53 6.L0 5,30 H.06 28.23 29.00  13.bG
90 11,06 8,L7 6.06 5.% 5254 6,40 5.11 S 28.24 29,90 1346
2200 11,06 8449 6,07 5.98 5454 €.l 5,11 5.17 28,5 7.8 1347
10 n.o7 8.58 £&m 5.99 S.5L 64l 5012 Se'rt 28,2 29,02 P A
20 11,08 8,51 6,07 Ces9 5455 b2 5.0 5618 8.7 by v 1358
» 1i.09 8.52 6,08 6,00 5.55 beli2 513 5.78 2,28 29.0) 13,52
1o 1.10 8,52 8,08 6,50 5.3 2ol S S.78 28,29 9.0, 13,84
50 1.0 3454 6,06 6,00 5,56 () 5.4 5,79 28.30 29.04 13.56
60 1.1l 8455 0409 000 5456 Galid Sl ST BN F.05 13.57
0 11a2 A 56 6.0 6. €.57T  bubu 5.5 580 28.32 29, 13,38
o 1. 857 6,08 L2 5.57 &4 5.15 5.00 2.3 29.06 13,50
90 ilerd 8,58 5,10 &R 5.58 6.4 5.16 5.680 28,3 29.07 13,52
2300 1.8 8.,5% 1,00 6,8 5.58 6.L5 5.0 5.8 28,38 29,08 13.63
iG 11,16 8,60 6,30 6,03 5.58 6.5 S.17 g8 8.0 29.08 13,65
20 11.16 8,02 €.11 640} 5.59 b 5.18 5.8 28,37 29.09 Dﬂ
w0 1107 £,63 6.1 6,04 5.59 [8E 5.19 5.8 28,38 29.10 18
Lo 11,16 Oe 6.12 [N 5 <50 6.kb 5.9 S.82 28,35 29,10 3.10
50 1,19 4.65 [ 6,0, €60 6,14 5.0 5.8) WP 2p.33 12T
&0 1.0 ) Geid [ 3 $.30 coit? 5440 5403 AT il Irei3
To 1,20 5.67 6,.1) 6,05 Setd 547 5.2 5.83 28,12 29.12 N
80 1,21 8,68 6,13 6,08 G 6.L8 L 354 S.84 28,43 29,1} 1. %
70 n,22 8,69 613 6.0 5.62 6,48 S.2 S04 26,4k 9, i3.78
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ATION
febde 1h° (contimmed)
Aversge cv(mrlmg-rrum&tor
(calorieg/pole/Y)
LK ©p 20 O My My Oy C{s) WG M0 By Mo
400 .23 8.7 Sall A-PE 562 enf 5,22 S84 A4S Dk L0
20 1,2% 8,72 ¢k 6,06 5,63 by 5.23 5.08 2.7 29.15 13.83
0 1.2 §6.73 6415 6,06 5463 6,49 5.2) S.06 .48 29,16 13,
K N.® 8L 6025 6,07  S.8L 6,30  S.oh 5.86 B8 29.1% 1.8
50 U.AT 8.7 6,05  6.UT  S.6k 6,50 5. 5.86 28,49 2307 1J.88
8 1.7z 876 616 607 5.6k 650 5.5 5.87 ASE HI 1K
(A4 dho kv ~eoll vaanr e Jeva wveora LY sy —~—or- ::‘-:: puged
0 1,29 6.7 6,16 6,00 S5 6.5 5.2 . 5,88 28,52 29,19 1.9
¢ 11,30 P79 6,17 6,08 5.6 6,51 5.9 5.8 28.52 2439 1N
2500 11.30 8. 7% 6,17 6_0” 5.5 ©.52 5.27 5.58 25‘53 29.20 U-%
1 Ly 6.0 617 6,09 5.6 6,52 5,21 S.3%  ABSL 2.0 L.
20 1.2 8.82 6.17 6,09 5,67 6.52 5.8 .89 28,55 9.2 W00
3o U322 48 6,18 6,09  5.67 6,53 S.28 5. 6 VA U2
W0 133 Bebk 6,18 6.\ £AT  £,53 5.8 5,90 28,57  29.22 1h.GL
so Ln.u 8.& 838 6,00 5,68  6,5L  5.2°  5.90 A58 29.22 .06
60 1.3 8.8 619 6.0 3.68 6,54 0 5.29  5.90 2058 29,23 <07
70 1.¥ 8,086 619 6,10 S.89 8.5k 5.3 5., B89 29:23 .
[ .3 8.67 6.9 6212 549 6,54 5420 S.9N 28,60 29.24 .20
2 1.37 8.88 6.9 6,32  5.69  6.55 5.0 5.9 2.5 9.2,  1L.22
200 L.38 0 8.89 6.20 6,2 5,70 6.55 5.0 S.92 20,62 2.8  U.lh
10 1,38 8.% 6,20  6.12 5.7 6,50 .31 S B.62 29. .16
20 11,39 8,91 6,20 8.12 5.1 6,56 5.32 5.9 8.63 29.2 Lijead
» 4o 8.9 6.2 622 L 650 5.2 5.93 o 9. U.20
W  1n.ko 8.9 6.1 6,13 5,72 €.57  5.22  5.93 8.6, 2.7 wn.n
50 n-u Boﬂl 6071 6.. 5.72 6‘57 5-3’ So% ?‘-65 ?9;?1 ll..gi
40 1u2 895 6.0 6,13 S.72 6,57  S.33 S 8.6 9.8 UG
70 1h2  8.% 6,22 6, 5.73  6.58 . Se%ls .67 28 2.2
80 143 897 7e22 6L 5,73 6,58 o 5.9 28,68 29,29 1L.27
50 1.k 8.7 6,22 6l 5.7k G50 5.3L 5,95 A8 W29 ¥
2700  1N.uk 8,98 6,22 6,h SR 639 5. 5% 8L 535 130
10 NS 8.9 6,23 6k S.TA 659 « 5% 28,70 2930 1lhI?
20 1NHE 900 6,23 615 575 660 536 5% B 2.3 L
3 UdS 9. .23 6415 5,75  6.80 5.3 5.9 2,71 2.0 1,25
Lo pRPE S 6,23 6,15 5.75 6,60 5.% S.97 28,72 29.32 k..
50 11.47 $.03 624 635 5, 6.61 $J31 5.9 Y5 29.32 .38
(0 1.kb  5.04 6.2 6,06 5.5 6,60 537 5.9 A1 3933 1L
70 1148 9.05 .24 636 5.1 6,61 . S.98 28,74 29,33 WA
80 1LY 9.06 6.2 6.6  S.T1T 682 . 5.98 28,75 29, Alok2
bzel 1’..53 eer) 6-5 Cod¥ 5077 OWe Dado 599 2.7 9.4 1Lk
280 11.50 9.08 6.2 617  S.T7 662 5.39  5.99 8.0 29,2 PN L
10 1u.51 9.09 6.5 6417 .78 643  5.39 »00 28,17 29, 7
x u‘;‘& ;':3 “"“‘5 \"017 50?“' "u“’:‘ 5eaS veww 3.77 LY L ad pALA L]
» 1.5 Pl 6% b 3,79 643 S0 6,00 28,78 29.3 LS50
W 1.5 Fall 5.2 628 5,79 66k 5.0 6 8.7 29.% Sl
§9  11.5) 9.22 .28 S 5.79 bk s S, 2.0 9.0 k.52
60 . 543 6.6 618 5. 6. S 6.0 20,80 29,17 .Sk
70 L.54 9.1k 6,26 609 5.0 6.5 S.a 6,02 0,80 29. 24,55
A2 11,54 9.15 6,21 69 5.80 6,65 SAz 6,02 28,82 29,38 .
< 1355 S 6,27 6415 5481 6.5  S.ue 503 28, s 1L.58
296 U566 927 6.27 6.9 585 b6 S.42 6.0 28,83 29,37 1k.S9
10 1l.56 2.7 6627 G40  SJBL 666 543 6,03 B 2,09 W40
20 1186 f.2f A7R A E M L4k k3 LA 288L 2900  1L,62
0 11.57 9.19 6.28 6,20 5,82  6.66 Ses  6.0L 28,85 29,00  1h.6)
Lo 13457  Fe20 6,78 6,38  5.83  6.67  Seld 6,04 23.85 29,0  1hbh
S0 1i.57 9.2 6,28 4  SJ83 6,67 Sl 6,05 28,86 9.1 1465
€0 U512 6,29 6,4 5.83 6.6 SdS 6,05 28,86 9.1 iu.67
7t 158 Y423 .29 6,4 S. 6 Se 6,06 28,87 2912
80 11.59 9.23 6,29 o.4 S5ef4 6.48 Sl 6.06 8. 9eki2 V-
90 11.59 9. % 6.29 S.22 S.84 8,68 S.bb 6,06 8.0 29.k2 1470
300 110 .25 6.29 6.2 5.85 6.9  CAb 6,07 2090 2903 1T
10 1148 9.2% 6,30 6,22 SB8 6,69 S 6,07 2.9 2943 WD)
2 11.62 9. 6.3 6,22 5.86 6.69 S.47 6,07 2.9 29.4k T
” 11.52 :‘.l b.” 6.’13 5-% 6070 50‘47 6’0 > 2’1.92 HOM 11»75
W 11.6¢ Ky 6.30 6,2} 5.% 6.7Q 547 & K8 28,92 294k .,
byl 0.3 9.2% 6,30 6.2) 5.87 6,70 5.8 6.08 28.93 2.8 1L.78
% A .30 0.1 6423 5.87 6.7 S48 6,09 289 S WLW
70 Qb 2P0 $2: 6.8 5:MT 6T SAB A9 2B 9.4 W0
BO n-“ ;cn 031 6.2“ Sow 6- ll 50‘!9 6.10 26.” ”.M :'...‘
90 1,65 [ 2953 6.31 C.2k s.88 6.72 §.L9 6.10 28,95 20,.L4 L A2

T
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CORY [DEXT]
it 31 MATICR

Teble 1.7 (continued)

31 LS 250 BT G 5,88 6,72 549 6,10 B Tk 1kdd)d
A 13,55 $e33 €432 6.k 5.85 8.72 5.50 4.4 %,9% 2947 1k.8k
0 L. 9.3 6,32 b2 5,85 6,73 550 61 8.9 2947 ik.8
36 11.67 L3 6,32 6.E 3,82 6,73 S50 611 28,98 2948 .87
0 1.2 935  6.32 6.8 5.0 6.1 5.51 602 .98 2518 N
- 1,8 9.36 5,32 0,25 5.50 6,74 5.51 6,12 20,99 20,46 .09
W 1169 Yo3T  6.3) 6.5 5.9 6. 552 642 29,00 949 .50
¢ \1.69 9-}8 6-]3 60% 5'71 6-‘"‘ 5.5‘ 6-13 ”.&'D do&’ 11«.91
&  1.70 FeI0  DedI  ©edO  3eJL Call a6 Vess  areas  aswus  ameos
® 11,70 9,39 6,33 6.2 s . 552 &1k WA 29,50

o 1n.nm 940 634 6.2 S92 6.7 5.53 b0, .02 7,50 L%
10 0.72 9.0 4. 6.2 5.9: 6. 75 5.5 . 29,092 o
20 .72 94 &M BB 5.2 A 5.5k 8,15 2.0 2550 M
»® .72 Pal2 el 6.7 5.9 6,76 554 6,15 29,02 29.51
Loou.m .2 6,34 62T 5453 YT . 6,6 29,0h 29,50  ih.s8
50 11..) 9-"3 603’- 6027 ogsn -3 76 ¢5-0 60“ 29'& 8.52 o”
0 11,7 9eldy 6435 6.28 KN .7 5.55 616 20,08 29.52 15,39
70 1,7 %L 635 6,28 B £ £S5 s .08 2952 35.0
& U.15 9.5 b 6.8 S5.%, 6.TT 5.55 6,17 96 H53 154K
0 1,75 96 6.5 6.8 S.95 6.7 8,56 44T 29,06 29,53 15.03

3360 11,76 47 6.3 6,28 5,95 &,78 b6 618 2977 29,53 15.0h
10 1, [ IRE 635 6.29 5,55 £,78 o 6.8 25.07 > 1505
20 L.77 943 A3 6,29 5.3 6.8 S 518 29, 2954 15.0
3o u.y7 Qs Be6 64,25 S35 6,19 55T 61y .08 UL 3T
Lo .18 9 6,36 6.9 . 6,77 5,51 6,39 2,00 29.5h
€6 11,78 980 2.3 420 01 LA L7 LW BN BSS LH
FE T b W/ 9451 6437 6.3  5.97 8,80 5,58 6,20 29,30 29,58 +10
70 0.0 9.52 6,37 6,30 £, 6,80 558 £.20 201 3B.S55 0 i5l.ia
s 11w W32 6T 030 5,90 680 5,56 6.8 VAL 2956 15.%
% 1L 283 6,37 630 5.9 6,81 5,5% 6,24 29,11 2956 i2A)

3500 1L .60 6.3 6,2 6,02 684 5.62 6.8 2906 9.0 8.A
10 V.8 9.60 6.3 6,33 LM 6.8, 5.62 626 9.6 W5 KW
20 u-“ 9.& 60& 6.}3 o é-g 2‘9’ 60& ”'11 ao“ )5.“
0 0% 962 6.0 A3 b LB 3.6 0,80 &F.iT 9. 15.37
Lo 12,87 9.6z 6.0 6, 6, 685 S5.563 6. 29. 2960 15.23
50 1.67 9.63 6. b3k K03 6.5 S.6u 6.2 9.2 .60 15.28
90 11.60 F.6u  G.0 6.3 6.l 6.8 S4, 6,28 19 DKW 15.B
7% 11.88 9.8 S0 234 6. £.88 544 6. 2B,19  9.60 15.30
50 11.88 965 6.1 6,3 6.0k &5 S A £ 2w 2048 5.1
9 11.89 9.66 6.1 6.3  6.08 6.3 545 6.9 9.0 PHL 25X

00 .5 9.4 L.k Lu5T 6.8 681 5.5 6,29 9,20 2.6 15.0)
19 11.90 9.61 6-“ 6.35 60“ é;ﬂ" 5.65 6-” 29-21 29062 15-”
20 11.9¢C 9.68 &2 6.3 ‘06 6,87 5.6 6.0 .4 962  18.%
30 1.9 G.68 6,42 6.5 506 6.8 5,58 6.3 F.w 5.6 15,
W unsn 9.69 6.2 6.6 46,06 63 5.8 6 2.0 29,62 15,3
5¢ 1.5 . 9.70 [ 6.6 6.C5 6.88 S.56 6.0 y. 29.6) is.)3;
40 11.9. 9.77 6.2 6.36  6.07 488 557 4 9.8 29.62  15.38
70 11,92 9.7 é $.36 6,07 6.89 5.67 6.32 5. 3.6) 15.)9
B .92 o7F &2 636 6.07  6.89 5,67 6,32 W 29.63 25.40
99 11,93 9.72 6.42 6.3 6.08 6.8% §.68 6.3 29,2 STeb: 5.4

b yge o] n.y3 ¥.73 6.0 6.37 6,08 6.%9 5.68 6.33 29,2 29.64 15.42
10 1.9 9.7 6,3 637 6.08 6.0 5.8 4.3 WS Ryou  Areld
!() 11,% ’.7:.' 6-’13 (-3' 6.09 6-90 5.6" .l ”-s ”.h& 1‘.'{)
” Lln“‘ 9--’2- ':'oilj 6.37 1-.0,- 6.” 506’ 60.”4 3.“ ”0&5 15-54'2
L 1.5 9,95 fudin 6,37 6.0 B30 588 . w045 1S5S
LU R 8- S b 4 sk Ben S0 5.3 2.3 TS i
o0 11.9% 9.76 bk 6.28 6,10 91 S.R o 3 @p.7 29, 15.46
™ Paavo 7T d.uk ©. 35 a0 ", = m &.36 927 29/ i5.47
B 197 9.7 6Jdd G638 dan 6,97 T ) L. 9.8 966 1508
% 11.97 9.74 FAENA 7.3 ot .- Jeld 6.5 D 5.56 5.y
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CESOR I TRAoaTion
Table 1 (oaititwved)
dverage G Over Eange irum v iie S WA
{calorien/mole/*X)
T, Xy HaO 0 ¥y He Oy c(s) B AlGD, ByOy Wgo
B 12,22 10,17 0.5k 6.5 6,30 .10 5.92  6.0) 242 9.0 15.%
10 22, 10,17 .54 6,50 6,30 7,10 5.92 6.4 29,52 29,00 15,97
20 1222 10,18 6,54 450 4.3 7,10 5,93 6.6k JSY M 1597
30 12.23 10,38 6.5k 6,50 6,30 7,10 5.9 6.6k 2953 9.1 15.98
L0 12.23 10,19 6.54 6.0 600 7.10 5.93 5,65 29.53 9.8t 15.98
(0 12,23 10,19 6.55 6,50 6.31 T SR 6.65 9.5k 29.80 15.99
€5 12423 10.20  6u55  6.31  6.30 Tell ST 0.0 DSk .81 15.¥Y
7 1i2 10,20 6,55 5,51 6,31 T,11 Sk 666 2954 2.0 16,0
B0 12,24 10,20 6,55 6,851 6,31 T.12  S.%6  6.66 29, 29,82 15,00
o0 12,8 w.n 6.5 £.51 &% 732 5.%% £A57 2955 2.8 8.0

LIS 12,2 1.4 6.55 651 6,32 Tdl2 5.95 647 29,55 29,02 5.4
10 12,25 10,32 6,55  6.51 6,32 112 5.9 668 29.55 2v.82 1,02
‘W0 128 10,22 6.55 6,51 6,52 Tz 5.9 6,68 2955 29,82 16,0
30 12,2 10,23 o, 6.52 6.3 1.12 5.9 6.68 29,56 29.82 18.M
L0 12.26 15,23 6,56 6.52  £.33 T3 5. 6L3 29.56  29.82 lzg.g
Ead N

6.3 1.k S, 6.7 29,57 2.8 16.05
90 12,27 10,26 6,58 6452  6.34 Telli 5,97 6,70 29,57 2.8 16,06
L7000 12,28 10,26 6.5 5,52  6.34 7.1k 3.9 671 29.57 29.83  16.95
10 12,28 10.2% 4.6 6.53 6L T <. 6.1 29.58 29,83 W06
0 12,28 10,21 656 453 6.35 Ll 5.98 5,2 W58 2.8 1427
30 12.28 18,57  6.57  6.53 6. Ta5 5.9 6.Te .S58 5.8 16,07
L0 12.29  10.2%  £.51 653 6.5 1A% 5.9 6.k WSt WM .0
50 12.29  10.28 6,57 8.5 6.3 a5 5.99  6.T2 259 9.8 15.08
&0 12.2¢ 10.2%8 6.57 6.51 6.3 115 5.9 6.7 2959 9.8, 1809
7 3200 30,27 657 653 6.3 1.6 6,00 S.7W  29.59 2.8 18,99
B0 12.33 10,30 6.5 6.5 6.3 116 6,00 6LTL 29.59 2.8, 11.10
S 12,33 10,30 657 woSh 6.3 T.15 6,00 6.7% 19.60 29.84 16
LBOO  12.31  10.31  6.57 6,54 6.3 T16 6,00 6,75 29.60 9.8 1610
10 12.n om £€7  ACh A2 136 sm 4 24 298 LMY
200 1. 10,1 6.8 6.50 6.3  T.i7T 6.0k 6.5 .60 29.8. 1)
30 1v.32  10.32 6.8 6.5 631 7.1 b 6.7 29.80 . 16.12
Lo 12.32 10.52 .58 &.54 6.37 TedT [+ 6.7 29.51 5.5 16.12
50 12.32 10,32 6,58 6.55 537 141 A.02 AL 29.81 Ex- RS T8 §
60 12.32 10.03 6,58 0.5% 6. 7.17 4,02 6.77 9.6 29.8 15.13
70 12,32 103 6.8 555 o, .18  6.03 6.77 .61 29.85 16k
B3 12.33 10.34  6.58 6.5 6,38 7.6 6,03 6.78 29.62 29.55 11.aL
99 12,33 10,3 6.8 6.55  £.38 7.8 6.3 6.78  29.62 9.5 16,4k
Lo 12.3) 10,3 (.53 6.5%  6.38 7.18 6,00  6.78 29.62 %.85 15,15
19 12,34 10.35 A58 L.55 0,38 7.18 6.0k 6.7 29.62 29.80 18,15
20 12,7 19,30 6.5% 655 639 19 &4 79 5.8 6.8 18,16
3 12.5k 10,36 0.5 6.56 6,39 119 b.0b 680 .63 29.86 14,16
10 12,3 10.36  6.59  6.56 639 T.a9  6.08  6.80 29,63 29.86 1.3
ga 123 1027 £E0 £2L L57 T.4F b 6.0 ZAL BB .17
el 12.3% 1337 6.5% $.50 6.3% 7. X 6.3 6.8 7y 9.% 16.17
70 12,30 10,38 .5y 5.56 6.0 7.20 6.06 6.8 29 .04 29.86 16.18
B0 12,3 10.3%  6.55  6.50 6,0 1.20 6.06 $.82 .64 .86 W8
g0 12.36 10.38  6.59 £.55 6.0 7.20 6.06 6.82 9.6k 29.8  16.18
5000 12.3% 10,59 6.59 6.56 6.L0 7.20 6,0 6.82 29.6& 29.86 .18
10 12.% LR R 5.0 6.56 6..C 7.2 6.07 6.83 29.6L 29.8% 15,19
20 17.37 WL 6.8 6.56 6.41 7.4 6.0 6.83 29.64 29.56 16,19
30 12,37 10.L0  6.60 637 6.1 T.2d €08 6.8 9,65 9.86 16,20
Lo 12,38 1G4l 5.60  6.57 6.4 T.22 6,08 6.4 IS .86 1.0
50 12,38 10.41 6.0 057 6.1 1.2 6,09 6,5 2945 29.60 15,20
60 12.38  10.kz (.60 657 bl T.22 6.0 6.k 29.66 .86 Wb.21
70 12,38 15,42 6,60 .57 6.L2 1.2 6.9 6.%5 2946 79.87 6.2
80 12,39 10,42 0,60 6.57 6.47 T.22 6.09 6.8 2986 25.87 16.22
W RLDY A e 0 kST K2 T.22 6.5 6,86 2966  29.87 16.22
100 12,39 10.0  6.01 6,57 L 7.22 6,10  6.86 .46 29.87 W,
10 120w L6l GuB 62 TW22 6.0 6,87 2767 9.8 16.2)
20 12,40 L0 WL 6.6s  £.58  alk) 7y £20 £87 61 .87 16.D)
1 1L.L0 1S 64y 655 6 1.2 6,20  6.81 19.67 29.87 15,2
L0 1T.u6 105 €61 6.58 6.4 1.3 6.1 6.88 .47 .88 6.2
co 1Ll 1046  6.61 .58 .43 7.0 631 6,88 29.68 88  lo.2k
IR ¥ SN 0.l 661 6.58 6L T.a 6.4 688 68 9.8 1B
7 1280 1504 661 6.58  Guk T.2h 612 689 .68 1988 1A
foae] 13,42 1847 5.4 .58 6.L4 7.tk 6.1 6.3 29.60 29.8¢ 4,29
Ky 12.0.2 100 4.62 5.59 614 7.4 .12 5.90 2948 9.8 5.3
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CUR. 3 NNODMATTON
Telle 1LY (cantiouad)
hverage G Over iange &= 200 °X 02 Y
{oalcrie. /male/"K)

nL'x 0y 10 %0 N Hy Oy C(e) HQ  Alg0, 30 nec
5200 12.L2 10.L8  5.62 6.59 6.k 1.5 6.1 6.90 29.68 29.38 16.%
10 iz.42 10.48 6.62 6.5% .45 T35 6.1) 6.90 29.68 23,42 .27
20 12.L2 10,49 6.52 £.59 6.i5 1.3 6.1) % 29,69 29.88 4,27
”< 12,43 20.19 6,62 5.59 6.45 Te25 6.4 6.9 29.69 29.80 16.28
Lo 121k 10.4L9 6.62 6.59 6.5 7.26 6.1 6.92 29.69 29.88 16.29
50 12.L4 10.50 6.62 &.59 6.15 7.2 6.1L 6.92 29.69 29.88 15,28
60 12,45 10.50 £.62 6.59 6.45 7.2 6,14 6.92 .59 29.88 Ww.20
gg 12.L 10.51 6.52 6.59 [ 7.2 6.15 6.93 29470 &7400 i9.29
agekd 10,50 662 6,80 6, 7.2 A5 6.9 29,70 9.8 16,9
» Lol 1V.0¢ 0.0 w -7 Y44 0.1> [- 98" /] 29,70 29.58 18,0
5300 12.L5 10,52 $.63 6.60 5.6 T.27 6.16 6.9, .70 29.88 16.%
15 12,6 10,53 6.43 6,60 6.6 7.27 6.16 6.94 29.70 29.89 %.30
0 125 10,53 6.63 6.60 6.7 7.8  6.16 6.9 29,7 29,89 16,31
30 12,6 10.5h 6.3 6.60 6T 1.8 6,16 6.5 2.1 29.89 16,11
I 1z.L6 10.54 6.03 6.60 6.47 7.28 5.6 5.95 .71 29.89 16.32
50 12,47 10,54 6.63 6.60 6.47 7°8 6.17 6,96 29.71 29.89 16,32
60 12,47 10,55 6,63 6,61 647 7.8 6.7 6.96 2.7 2,89 16.32
M 1247 1055 (.63 6,61 6.8 7.28 6,18 6.9 29,72 29,89  16.33
80 12.48 10,58 5.6 5.1 6.8 7.29 6,18 6.97 29.72 29,89 16.33
96 12.48 10,56 6.64 6.6 6.8 7.29 6.19 .97 29,72 29.50 16.33
sLOO 12,462 10.56 6.64 6.61 6 43 T.29 6.19 6.97 29.72 29.90 16,34
10 12..8 10.57  6.6L .0l 6.1 .29 6.9 6.96 29,77 5.0  16.M:
& 12,809 1057 6.6k 6.1 6.4 7,29 6,20 6.8 29,72 29.90  15.3
ey 12,49 10.58 L3N .61 6.L9 7+29 6.2 6.98 .13 29,90 16.)5
L0 12.49 10,58 664 §.62 .49 7.30 6.20 b.99 2.73 29.90 16.35
S0 12,50 105 b.6L  S.42 b9 T30 6.2 6,99 29,73 29.90 6.3
& 1asc 6.5 6.6 662 449 M 6, .00 MY XN 15.3%
™ 12.50 10.59 6.6 6.62 6,50 7.0 6.21 To00 29.74 2¢.90 16,36
& 14,50 10.50 5.64 &.62 6.50 7.0 6.4 7.on 2.% 29, %0 1%.37
0 12.51 10.60 €.65 6.62 .50 7.1 .22 TeQ2 29.7L 29.99 16,27
£500 12.83 10.61 6.65 6.62 5.50 T3k 6,22 7.2 29.7h 29.50 16,37
il ideld 2.3 G5 G0 L.59 731 &2 7.2 .76 0.9 16,28
20 32,52 10.62 4,65 5.63 6.51 7.1 6.2 T7.02 29.7% 29,91 16,38
30 12,52 10,82 665  6.63 6,50 1.32 6.3 1.2 1.5 29,91 16,38
e 12.52 12,62 3 6.3 651 7.32 6.23 7.03 29.75 29,91 16,39
50 12.52 10.63 6.65 4.63 6.51 7.32 6.2 7.03 22,75 9.9 16,39
6C 12.53 10.63 6.65 6.63 6.51 7.32 6.2 7.04 29.75 29.9 14,50
70 12.53 10.6h 6-65 6063 6'52 70}2 6-& ?ou[ 8076 29.91 lé.w
80 12,53 10.84 6,886 6,63 €.52 1,33 6.4 7.0 22,76  29.91 6.0
0 37.54 10.65 6.66 6.63 £.52 7.3} 6.8 7.0, TS 7 bl
600 12,54 10,65 6,66 5,63 6.52 7.33 6.5 7.05 29,7 29.92 5.1
10 12,54 1086 666 6.6 6,53 1,33 6.8 7.5 2,7 22,92 16,42
20 12.54 13.66 6.66 664 6.53 7.33 6.2 7,06 29.76 Y. 92 16,42
30 12.5% 10,66  6.66 A8k 6,83 1.34 6,% 7406 29,26 29.92 6.2
Lo 12.55 10,67 6.66 b6.64 6.53 7.34 6,2 T.06 29,77 29.92 16,42
50 12.5¢ 10.47 6.66 6,64 6.53 736 6.7 7.07 29.17 29,92 Y.L
60 12,56 10,68 6.66 6.0k 658 7. 6.7  1.07 .M 992 16l

70 12.56 10,68 .66 6.64 €.54 7.34 6.27 7.06 29.17 29.92 16,
A 3% 10,69  6.57 B4 6.5k 7.5 6.28 7,08 25,76 27§22 38.L%
ol 12.54 10,69 £.57 A S454 T35 b.080 7.08 29,78 9,92 16,44
YI0 12,57 1963 o.47 665 L5k 7.35 6,28 7,09 29.18 29.92 14,16
10 37257 1¢ 10 607 6.65 6.55 1.5 6.28 7:.0% 29.78 49.92 w.l5
20 12.57 10,0 6.67 5.85 6,55 7.35 6.9 7.10 29.78 29.92 6.6
30 12.58 w.n 6.67 6.65 6.55 T 6.29 7.10 9.78 29.93 15,16
[Xe] 12.58 10.72 6.87 6.65 6.55 7.36 6,3 7.10 29.78 29.93 18,4
50 12.56 Avail €.67 6.65 6.55 7.36 £.30 7.11 29.7? 22.93 1646
60 12,59 10,72 5.7 6,65 6,56 7.36 6.0 1.1 29:79  29.93 16,47
0 12,59 10,72 6,68 .85 6,55 1.36 0 630 7.2 . 29.79 29.93 16,47
B0 12,59 10,73 6,00 6,66 6,560 T.36 0 6031 Td2 2980 uy.ys  lb.Lb
O 12.60 10,73 6.68 466 b6 1.3 0.3l T.2 ¢9.80  29.93 16.L3
5800 12,40 10,7 6.68 [ %72 6.56 7.37 6.1 T.d¢ FURT) 29.93 16.48
18 1248 2.7 6.68 AS 65T 1.3 6,1 712 29.8c  29.91 15..8
00 12,47 10,70 6,48 £S5 6,57 13T 630 T 29.80 29,0 18,47
E%] 12,61 16,75 6.68 6.65 6.57 7.38 6432 7.4 29.80 29.93 16.LYy
W 1.8 19.76  4.68 6,67 457 7.38 S0 T WL .Yy .50
50 2.61 13.7% & 69 6.67 6.57 7.38 6,33 T.14 29.81 ok 1A.60
100 N4 10,7 L.t £,7 £.58 0 7.3 £33 1.5 29.81 20.9% 16,50
70 1262 10,77 .69 ALY L8 7.3 6.32 7.5 22,82 29.9L 14.51
(2¢] 12,62 10.77 b.5Y [ 6,5 7.8 6. 7.16 .82 9.9 16,51
YW 12,62 1570 ©.6Y  B.8T 6,58 T.39 6.0k 7.16 2v.82 29,9 .5i
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npie 1L9 (ovitinued)

Avernze C Over moge srom €0 K W T

[CAR:: o

% o) Hgl) @® ¥y Ky Op cls) HQ  Ale0y By0p Fg0
5900 12,63 10,18 6,59 661  6.5F 1% .  TAS DL VS 1652
10 1243 1052 845 GudT  9.59  TeIF 63 TedT 82 D 1852
20 12,84 10,79 6.6% 6467 6.59 739 6.3 7.17 29.02 29.%4 ic.52
30 12,68 10,75 6,69 6,67 659 1.0 6.% 718 22,82 9.9 165D
L0 12.84 10,90 6.59 647 659 1.0 6.3 726 29.53 2.9 15.5)
€0 12.64 16,80 A0 668 657 40 6. L8 22,33 RN 18G5

>0 12.65 10,81 6N 6,58 6462 Tol0 6.36 7.19 .8 29.9% o
v 12.65 10,8 6.70 6.68 5,60 740 6.6 1.9 29.83 29.% 16.54L
80 12.A8 1o Ar g £48 LS Tam Oedl 139 DB 2995 1S5k
s0 12,66 10,82 6.70 6.68 650 T4 837 1.0 B %95 16,55
5000 12,66 1082 6,70 648 6480 TJda 637 T.20 5.4 29.95 1655
¢ 12.66 10.8F A3 563 54 T4 631 1.0 HA 29.95  16.53
20 12,67 10,83 6.70 6,68 6.61 7.“2 -” T.4 2’0&‘ 81” »20
}O 12.67 1°l NA 6-70 6v69 6061 10“2 6!” 7.21 ”o“ ”o” 16.56
L0 12,67 108 6.7 6.49 6.5 T2 638 1.2 KBk .95 16.%
S0 1268 1065 &3 6,69 6Ll 7.2 439 T2 . 29.95  16.57
30 12.58 108 6,71 6.69 6.62 Tk2 639 1.2 228 2% US]
70 12.66 10,08 6T 6.8 662 T3 60 7.3 9.8 29.95  16.57
BO  12.4%  10.86  6.T8 549 badE T3 640 123 8.3 H.6 1658
$0 L2.69 10.86 571 6.69 6.62 T3 6.40 7.2 29.86 29.96 16,58
6100 312,69 10LBT &L 649 642 TA3 SdC T 29.86 29,96 1658
10 12.70 10,87 6.7 6,70 663  T.uk  bM1 T .86 9.9 16.5%
0 12.70 lc'tw 6‘71 6.?0 6-63 1-“‘ 60“\ 705 29.% ”r% 16‘59
39 12,10 128 6T 6.0 6.63  Thk 6L 1B 2.08 29,96 16,57
ho 12.70 1’088 0.72 6-70 6063 7.“ 60&2 10% ”-’1 290“ 16.60
50 12,70 1289 6,72 6,70 6.6 TWk 6.M2 7.26  29.81 2.9 1660
% 12,7 10.89 6,72 6,70 644 AL £ T.% 8.8 3.5 16480
70 12,71 10,90 6.72 6,70 6.5, 7.48 6.3 1.27 29.87 29,5 14,60
80 12.72 19,90 £,12 &M L4 Tk 643 1.7 86 5. 16.61
s asTa a2 £ 56h TS 63 T.28 29,88 29.9% 16.61
100 12.72 1051 6,72 6L 645 TUG bl 7.8 .88 I3 16.62
1m0 2.7 1S S Lm G Tois  Ousit 1.2 29,488 29.9T 16,62
20 12,73 0.2 6.T2 6T 645 T bdde  T.29 25,88 .97 1662
30 22.73 10.93 £.73 6.7 o.bﬁ 7.6 6.k 7.29 29,58 29.97 16.62
W0 1z.73  10.93 6T} 6.Th  H.L> .6 &S 7.30 2,88 29.97 1.9
50 12.7 10.93 6.13 6N 6.65 7.L6 6.6 7.X 29.88 .57 16.53
&0 1c.7h 10.94 6.73 6.72 6,66 T4 o A5 T.30 2,.89 29.97 156.53
20 12,76 10,5L 6,73 672 6.6 T.AT SMS TR B.89 257 16.64
80 12.7% 13.5L 5.73 6.72 6,60 T47 6.5 7.0 29.89 29.97 16,64
96 12.7%  10.95 6.33  b.72  6.66 T4 b 7N 2080 2098 4 4L
6300 175 05 6.3 A2 661 7.7 66 1.2 9.9 29.96 1665
10 12,76 10.96 6.1 6,72 6,67  T.AM1 6L 732 29.90 29.98 16,65

©  12.% 1096 6.73 6.7 841  T.AT 6T 132 B0 2,58 1.
Wiz 1097 6.0 472 G.ST Teuo  welf 132 e RYID 1680
w0 12.76 Proia) 6.7 6.7 6.67 7..8 6.48 1.3 ¥.90 29.98 1646
50 1< 77 3iN%8 .k 13 668 T £M8 73L B .58 16.60
50 12,77 10.98  6.7L 6,73 6.8 T8 68 T34 .91 29.98 16,47
70 12.77 10.99 6.7h 6.T73 6.68 7..8  6.LB 7.3 2.9 25.98 w687
Lo+ 34 10.99  6.74 6.13 6,68 1.3 b9 T3 29.71 29.98 16,67
90 1278 L0067k 6,73 6488 TAF L9 1.35 .91 .98 16,67
600 17,78 11,00 6.7h 73 669 TL9 650 1.5 29.9c 2.9t 1b.oo
10 179 L. 6.0 6,73 669 .49 8,50 1.6 2792 29.98 L4
20 12,79 1,01 605 6.3 ¢°8  T.Ae 6,50 1.%6  29.9¢ 29.99  16.68
30 12,79 .01 AT 6Tk bl 7449 6.50 7.3  2¥.92 5.99 16.67
L 1280 11.62 6.7 6.7 6,70 7.50 651 131 29092 29,99 16.69
50 12,80  11.62 b 6.6 6,70 1,50 651 1,37 2.9 29.99 1669
€0 12.80 1.G3  6.75 6.7k 6,70 1,50 651 738 2393 .99 1.7
70 12,80 10,03 6.5  6.7b 6,70 7.50 652  7.38  12.93 .99 16,70
o 12,81 11,03 6.75 AL 670 TS0 652 .38 TS Wd 1670
90 12,80 Q.U £T5 ATk 0I¢ TS 652 TP .93 29.9% 6.7
6500 12,82 1L,04 6,75 t..a 0L Te3l 032 Ty dvd 9.5 1.7
10 14,02 n.os 6.7 6.4 6.2 7.5 [53] Tl Ps 28 .7} 30,00 1.0
F3) 12,7* 11.7%% 6.7 £.75 €N 1.9 6.73 7.k¢ 29.9%% 3. 16.7¢
30 1282 11,06 6.6 875 6T 1.52 eSL .0 D9 0.0 18,72
Lo 12,83 L.k 6,6 65 671 752 bSL 7. 29,96  )0.00 16,
S0 12,85 11,07 6. 45 672 182 6,56 T 9.9 30,00 15,73
in Yoy 10?0 =73 L0252 G54 Tuai B 30,00 16.7)
70 186 LT 636 oI5 6,727 1.52 655 T.42 20,9¢ .00 16,7
fa ar.EL L. 6.6 6,75 6,72 152 655 Ty 9.5 .00 16.7h
90 1.8k N6 6.6 LT L3 @53 656 Tl 9.9 0.0 16,7
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Table 1i5 (continuse)
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(oalorisa/mole/*K)
17,8 My HeO 0 Xy He On C{s) Wl A0, ByOy Ngo
600  12.8%  11.09 6,77  6.% 6,13 153 6,56 . 29,9 30,00 16,7
10 12.85 11,09 6,77 6.6 6,13 TSI 6,56 T3 B 000 16T
20 12.85 11,30 6,77 6.7 672 TS5k 6,56 Tk 29,26 20,00 16,75
30 12,8 a2 6,77 676 6,73 TeSu 051 Tk 29 30,00 16,76
L0 12.86 11,10 6,77 6.6 6.7k - 7Sk 65T T B 30,00 16,76
SO 12,86 1.11 6.17 &% A PEL LET Gewx a7e¥ T Foeid 10,10
60 12,86 3.1 6,77 6,76 6.7k 7.5k 65T A5 .97 0. 1877
0 12,06 13.2  6.77  6.T6  Gave  T.IT 0 ASRA J46 0 9.9 .04 16,77
80 12.07 iz Tl 6,77 6.7k TS5 658 b @97 04 18,77
9¢  12.87 1112 6,77 .11 6.5 156 6,58 b 2957 0. 16,78
6m 12-“ 11.13 6." 6-77 6-‘6 7:55 6.5‘ 7:“1 29095 ”.m 16.70
10 12.88  11.13  6.78 6T 6.75  7.56 6,58  T.4T 29,98 0.0 16,78
20 12.88  11L  6.78 6,77 6uT5 156 655 Taid 29.96 .02 18.79
30 12,88 11aL 6.7 6,77 6.T5  T.56 6,59 N8B 23,98 0,02 16.79
Lo 12,89 11.15 6.78  é.T1 6, 7.56 . L) 29.98 30,02 16.79
50 12.99 1n.as 6.78 6.T7 6.7 7.56 6.60 7.L8 20,99 0,me 15,80
60 12.8% .16 6.78 6.17 £.7% 7.56 6.60 8% .99 30.02 15,00
70 12.90 11,16 6.7% 6.77 8.7% 7.56 6.8 7442 2559 39,02 16,80
80 12.90 11,16 6.78  £.T7 6.7 1.51  6.61 L0 29,99 30.02 15,80
70 12,90 1 6.78 &7 61T 1.57 6461 1.5 23,99 002 . @&
6800 1290, 1.7 6.8 678 6.7 757 6461 1.50 0,00 .92 1.8
10 12.917 711,18  6.78  6.78  6.TT  TST 6.2 7 30.00 30.02 s
20 12.9 2i.18 6,78 6.78 6.1¢ 7.53 .52 7.51 30.00 0,02 16,82
30 12,92 13,19 6.7 6.78 6,77  T.58 662  T.52 30,00 002 16.82
W 12.92 1119 6,79 6.78 6.7 1.58 662 1857 P00 3002 1,
SO 122 11.20 .79 5.7 6.1 7.50 6.6) 7.5¢ 0.1 3.0 16.02
60 12.92 11.20 6.79  6.19 6.7  1.58  6.63 L3 0.8 30,03 18.8)
70 1293 11.20 6,79 6.79 6.78  7.58 6,63 753 . M0 16.8)
50  12.93 11.21  6.79  6.79  6.79  T.59 64 753 0.4 X0 16,8
90 12,93 11.71 6,79 619 6.7 159 bhL T, 30,00 0.03  15.84
6900 1294 1.2 6,79 6,79 679 159 664 TS5k 30,02 30,03 358
10 12.90  11.22 6,80 6,79 6,79 7.59 6.8k 7.5k 0.02 30,03 16,84
20 12,94 10,23 6,80 &£.80 6,79 1480 648 1.5 202 30,03 .M
30 12,95 12,23 6,80 6,80 6.79 7.0 645 7455 50,02 3C.03 16.8
1,0 1:.5 1.2 6,80 6,80 6.8 7,60 6,65 7.56 30.02 30.03 16,055
50 12.95 1.2y 6.0 6.8 .80 7.50  6.66 7.56 30.03 30.04 16,86
60 12.9% 1.2 6.80 6,80 6,80 7.60 6.6 7.56 0.03 30.04 16,06
20 12.9% 11.25 6.80 6,80 6,80 7.6 6.5 .5 0.03 300, 16,8
o] by 1335 5,50 6,00 6,00 7.0 6,67 7.57 30.03 30,04 10,8
90 12.95 11.26 6.8¢ 6,00 6.80 7.8 6.67 1.57 30,04 30.04 15.87
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| testing thes, wnd (2) tie cleciing of observed data, Taew
- s—Allustrated ia e dscussiom, -

CATpETAL e -
y ZMPOIS TTON
ritis, ‘PZ‘"@ is ovtadned, Toe malscular weighi of the mixture Ry e calcus

134l frua s oymation [ Iy R . .
: sﬁmﬂ‘.s_ ) e

whice & and b are “hs wellght ner conts of the comconsnta and eiand ol L

by the aiis 0 convort to the basis of one mQ'e of mixtures us ‘micen.
w i ’ ’ : :". N L 7

L bimir resSectivs meleswier soiiiel. Tos MOLEF TSUI0s are then miltiplied

Writias 2ccardlig W thn rujes set forth oa page 580, Tiw heat of combuse
Aism et constani volmes (Ho() gos) is calculsted a5 the “um of the beat or

LU

" combustion of ossh Capponant: iwsz 1t milap @antiye. Toe bl of explow
Slon; flame uwmpsreiure, fiiper of mO16s, 14 end final power kv than - . o
ORlcilatad An the sime ey as 4tat deger P8 for & pws complunde o n
Yoo L o .. T L - T Ty o ) .
R Figeres 50 and vi represent & Lwilay calculation fpr A setailiaad L a-
mxture, Torpex, illustrating Lule L, rege 580, Twiu calsulaticsn shaws the 3
8fiect of cozaidaring the &1,0, 25 3014 and gaseocEe - - ) =4

%, gonclusions ang RBecormndationy : : :
S The avoltcnc.on of tids system to the éalculatics of samo two - ’
bundrsd high sxplagives {pure compouris sps, =i=Sures} for whish beliietic

| ESrtAT velues hava: been doturmingd shovs & reasonshly good corralation

bati/ean cbserved aind calculatsd Power valuey s exprested in per cent ThT.

"—_",7 Tius nathcu"; of dilculat—ion hﬂ) to msjor umamy (1) 7
eviluation of new coapounds and mixtures without the wsconsity far makling und

The future extension of tits systes doponds (oo thw availability
of additionsl therwodyaesdc data, upen further ctudies of the raectiocn
sschinisms iavolved in the o003l ve wistures particularly thegs comtedning
Eatals, and upon the rétestiig of those exploaires for vhich tL: corrolatiog -

. betwzen Bedsured and cxlcwlated power iz unsatigfectazy,

" Tho gomewhat less a.at.iai‘ac;t«ory agresmint achieved for tiw metellized
mixiures (Table 1LS) leads to the conclusion the’ ths observed valuos baay

‘Tedatermination either in the ballistic nortar or ths navetype spiieical lead

block, Rathar than merely rwpesting the tesswrenants alieaqy mude, it is
Fecwunended that a program be laid out to iocluda the ;meﬁge%i.m af
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1. The aptimum umount of aluminum for sny snt mxuTae;
The relative contribution to tha oowdar of high explosives ol
~& number of m&tals, including among athers sluminuz, boron,
. ’ beryllium, magnesium and lithiua &nd pa;sibly sous af t.lnir

~ - hydridses; -

- - 3. Ths sffuct of the addiuon of high-nitrogen or other high

. ) energy compounds to metillized explosives; and
‘ T A ,,LA Tl‘ relationship betwesn ths varioua ftast neocadures inoluyds
ing tellistic mortar, lead blor-k. clos-d»bluf- m;pmw

2. .

" bhat. BN -_

L ’ The dataiis of, such a prograr must an.it t.lu oo.ple.'..ioa of a study
. -tal.l;ud ;xplcaivw uhlch is now u.ndnrw R

; Con © In Table 148 there are listed pure coxpounds calculsted to ha:u

H poWwers iri #xcsess O:lb-lﬂ THT, biee Wigimsi oo far meszured or calculsnd for
i - & known pure a.onpo'md M.JINA. 1t 18 recummwndsd that if fevsible, cue or
e " more of thesd comouwids bs synthesised and meuure" in :z:; m.n.".‘.at.i.c xooter
! end rphorizal’ "am block. = . . )
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o7 m8n4 337 {fable’ 1b) should probably be investigated further by & Pemsasures.
-ment of CoapoUNds” 136 and. 327 and’ any otbara c nigh paaluve oxy;t!n balsnce
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