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J -A a LaUrcH. -jwdoi4gaAiuei INVmTL*AT~a -I

-AR NO" !"L A*- MAAULCMUSTn

Office oz theoChisf of clrdnafoa

W*i~igtou C2, D.-C.

We are trazwaittlanz barA ,th PartA, "Calciiation oX Heat of Cms-
buafiion ofO Gani poitas from- tructur~ Features and Calcuiation3 o0f
Neera' 1g 'Lpeie- cotn ipgoa f4 admaotal study of expl~o~yes
under the subject contract. In the, earlier ikrte or this. peport we developed
r approxfsato aethods-for predicating'perform in~ car wtmexplosiv'e tests

s frusm tthu comaepta of on-gp banaoand'pies pboria grotu5,, and, fti heat-.btf__
explosion. £15Epprenrail -hwerha E,_. una&fo uwy"r

T n. ths first section of tis~ repos i. *usthod-fo c oAttn heats o
ao~nuticntc eiioomcpoimds, and hence t of eiqlosi-ba, 60M stintural "

r eatures sione es 'oa deveoped. The aethjlw is based entirely, On observed
heats of. couibuvtion- for both expiosive and a 4-,o;aie organi4 compounds.A.It represents.,a dLtinot iaprov~aent over tbi oaloulation xethod1 prbaented in
Part 17, and possebseis several fatwrcs efwh'11 make it more Adaptable and suited

i. for our pwrpqpas tian cLhut att~ds, proposed t'La tie literature. -

N - The sucond section of this report deaoastr*ates'zheb application Of a
system for predicting the pwr of an explosive, relative to ThT( or 'to any
other oubataiics). A. coRiarison Is mad. between the calculate$A pa~wrr based on
calculated heat of cotustion3 and iq~e pv-or observed in trw oa1at i ortax -

- for-pur tmc an~u-ar fYor -mixtures, cotw mstalluzea ana-nonW-mtaiflzea. This
I mthod of predi4,tion results in an accuracy mtwh Improred ovsrT th. use of the.
--Previous," q"ts given In Parts"I n~nd III.

II Recoosendtion& are made f or exqtriretai work to. cpnfirm and expand4
the co~lwsioaa reached by,thie treatise..

F'* -.. A"£SPekOtfully 8Lte
4 - A

* . 461- CONFIItJTIAL



COMUIEUJTTAL

SIMRY

tis rioport da ibet a 1ww mthod for calaulatir4 h eats of. cot

bkti f exlosiveb and non-Wjcplosive iranc maar hi' od

"for calouia1king elatlve powez-u of 6xplobiva ccaep, ndb fron hea Of COM-

it iz a--n a -. : ~.. V =:SJU -,A~s

hedit of oonbuitian (QC and molar oxy.-an balance for a large nuiber of Wonal-

ogousri 3O - c corpounds." from the siope ndintercept coefflii~ 's

_zw _ 'gIt Uinaz *btr. ao brved data a mothod has be~aA 'devisod

10-i calculating the heat- of coabustioa at constant proe; CL*e(vt- - liquid) p~

an~~~~~~~~ or nccfwud ~sdri~ nyti structural featuros o~th leu.Le.

SiapIh rales and axwsplea of uss %k8 expJlalned.' The agemn t~twwclcu-

lated anobserved, heat cf "Q ± or'a~ nte hn ateg

the s blt smr pronouw*., ' m mabets of- :, , Wh.ose

Jtd4teaW,1atio-'~sai~o kaoin with less asaurar4.; cf a.;curacy.

it is o~ho.jen that the coeffic4,2nts of tits equatlons c8A be used as a

ttasure of the relative desirabiltty of any functiolYnd group i z z~~s

compound. Tho coefficients have b~een arrai4ed to give # quantitative i~ia of

the anrg ao-tribution of aiW functional group l''a indleauli!, !)ase., on the-

tm .a A.. ,.sannl ant-*~>z MJk-*I ea. n

ialitiUS Of a fUA!tion1l1 type can be assessed for exqplosive u~efulava3 rithout~

man be ed* -from a- small nuwrber of oraanic substanc..s. containing the functional -

g rouo of AntwsA~t, but not necessarily. any pr Pary plooeptorlc gvoup, thl~q

a liminins~ the uvnthotic diffiev -iss and att~ihdant "en&r. Uoaually 4ncutaa4A .

-. COMM "ITAt



SWIN1TIT7 IWMATION

vith o3g&en balanced molecules. AfteP the poteiai ties of. tho group have

b=-- -etLurmsied, it w than ie deoid6d wbpiur the effort to preparo balancd

explosivea is uwut hile. .

This sy-t-eA fcaluulation is cmiwaed with mathodul proposed by ofthere.

A islt orieal s ection dsaiing with published heats r-f oiuatio, coapl6tes the

pas entat - of this subject mpi.

.' . The kwLativc power of en exploee .pound can be calculated from its

heat of. combustion by an itera lon method G#W1oylng the estimated t6 lsatue

ad the =je Of -gaa produced in the detonation. The re iltjig rI-re - nR?)

GcWPaZad ~o.I-aefor -11Il is e~1to-b powsz' of the V; a. mas-

ured In the ballistic mortar or in the spherical load block on an jcjuivalent

_V )v*ight baai6.. A coq,)iri&on of results with more than IDO pure compounds anid

•n , , LimO 50 organic Mixt rO3 in in agrossant with t conlusion. Great-or

-ha__ is achieved if the.. calculated rather than obseryed he, t of combuetion

The r~eults with a large nlus2er of mat.4zed mixturs, while not

Civing as close agreefent amsh -o-ealia st~ncs a0,Shwta he

,power for this type of mlzt. is du . urdt~i.

i h uae of the concepts of" oxygan balance or heit of explosion alone, as

Ideacribed in Part III of this rep i t.

Tue nR,.f ethod1 cosbinad d ltj the-motho lb ulatg heat of on-

I'' .buatioa can be used 9 prediCt the ewpectsd p 9.oeas, as-it might, be measured in

the ballistic mortar compared to a staad-,-d e :losive, of 4--orgai-c coapound

or'mixture et.,,u structural featiAres are knoih or poetulatoid. A uantitative

arrangemkent of the mAny types of., unctional group:4 from thm aiewpoint of' power

": -ih6 1i- . Arthur D. Little) Inc.

• 
. , .



t .'.owibihu(= in; au oay*u'ido xture can &Jso b,@ obtainvd Zrom. uwe

I this metbxcd -for calculating JJMwir.

Tuprior -to synthesis, tcnb itrii. .t o erso

I ,aocuraay whethar the effort to prepare OXgen D&AMvAG Oe 103posve cpatiedzdi

any ...given functional type is waorthwhile, and vhf pt fwiutu ii 'jj~so mxua

aight be *zpacted to. prododsjj'attar poader periprvumian than Ova existing r-Out

_powerful organic ea~losives.1

I'm m

D ,& of the contribu~tio hct o~bob Zon and...
Ifr-h hitts grI'nd t olooPlosion \ aa benec'sedorth ira tot1oiz

functi.Onal types 6f Iinteast Wu the 6xplosives program~ 'lut not treatAA ia this

reports

azide '

1.2,) .triazole and 1.2,1i.triazole

r uroxazid and Efa-aza

-. ane, te4znad other linear nitrogau L9 - - - it

CAnzrinaA

.ittls Inc
.par~Artlzte es. i

-45 ) atlIc



Fo.1~r XtaIa interest th~e contribution of the., folow&ing ?.oQWs

12 hu~ be eatjimtedi

thiOl

sulfide

disuldp
sulf nic acidA

iodo -

3aH~to -cbsto -.42.W be redetermined for .6-rito-

* remorcino3.&ypii acid) &Ax for c,oc ,oa-trirluoro 3,15-dlnitr otoluens.

5-Nitraminotetrazoii should be seasured for huat -m buiiitionl.

Non 1ofi 1t2 he d vp c oi.ccounds zar4.wraz af r-azativ'e owrgen bei-Ace,

F whos a obnsvyd poj.ara =x- vidiuly different. from calculatiqm are recommendedF - fr rre*eter.nati-n. Vheii l.ow theorae.ical-poe-av taLM 1 teD"I4.a or no

F .auerear to a projg enceaorl_-to improve onI busi k vq'C t. "C;.:.

F ac~edaiosar,4 made for a programe of t-esting r1et6L&iie riiXtUr'9 cofttainirl.g

higb nitrogen cam~ow'd WeOted to ha-ve **~eptionAliy-iLg power, for teztiag

cet-phg e:: n; r ::zco~dx ai zw-aze~ cert~dn sLAstaws c post-~ *

.:COIFIDENTIAL

-4 6 'Ur D . i mth e , i n*.



UO~TIONxVI
Calou2.atl-ond ea~ts Ca 4ustion of

1 Aathod () calcul~ating het o ombus'ionofrp 'z d
from struatuwa1 'fetoe is described. Thlg m~thod depad 9(0 the straight
line reletionship-betwooen molar **ygun biamne and the molar ,'hat of ~u

buetioiu of a homaologous series.. is~retan lpvlues, have beqn oietkw-
ja*inad from pipblished data for thirty-esight stiuct~waJ features. On thil.
a erage, an ac.,wacy of 1%j 1,fouw by cor _ Acq ot obeerved. with 'calcuated

cz.6icn- m"sfle of' the a&Ithod.for -high ouIPosiv 1 .

illustrated knd certain IUcLeiat Yf rocedurs- have be= ab±hd

b. jntrodetian

- na e~i~'ecrt(70) z--me t- tivt'-gro-* anox-i es was
proposed for cAlculatirng heats of coribubtion -of explosive compounds. 'Ibis
method was converted from tn-e Springnfl sad Roberts mstea c.i calculatiA&
heats or formation (2Lpo). CUioiuitjion jgav'e wod- ao reuht it b W~tfon
in moat cakes for- organic acmpoamds containing primary plosophorio groups
(69), but i' ws later discovered that very poor"'agreement wdas frequently
bel rg cobtained with non-expluaire orjgardic co Mpounds whose ..0berv'ed values
were undoulbf *dyv orrect. lh'sa pooz' ageemnxt, as well ano the lack of voluas
for c-- ItaIn\,ocv-on- s~tructural featut-es, led to a reexamination of the problem

i from a norO empirieal and lets- 9 b3,watical iopt thom Uit of AR i4?Cl
and noners.

L .G miilldion with ter_ ,'Ahods 1

* . %olcomb at alI ds ribv4,- re).aticn between oxygfn balariep APA' heat
-Or C6oUez.t.Or on 4k VeIgnT. PceXyv fo irlkaneas (Wi and later fof nitrd-
alcohols .01~A). -',-,e have found that a ajala.* relationship is appliieable to
a great zan~n more. fui'(tional typas.. The ralatiozibhip is found3 to give- a-bet ter

* straight line, howdever, bjtw~eanivnolar caxyg &1 b~dauce anid nolar' heat of coo-
buatlon, tha bst'deonitkeze paraters ion a weight basis. Indeed'e&uch a weight'

t relition does idi. exist for nkoules with tte em irical forml C 3  lef'ins
and cyclic parzaffn all have the ame~ o?7.ven balance on a weight. Lk4? (-3Wj.2)
and the tela-t heat of .dombustipn becomes independent,. of LVL& paraniter. It
wa's discover-ad subsequently thaj; relationships between-tha inolar hiat of comn-
bustion and "the ntgber of carbohi atonn in the wolecule had been. pvblished by
seea invostigatori (11, 65, 100, 103, 113,' 1U., 11 j6 , and lMd). Nona of them;
thuh had been or could be Applied to axw noleculuedtAnin more than a

single -,yps of funntiranal group, and they were sloraight lines in vny haiologolus
a~e~ea&nl a1c~efive carbon &to=~..

00iFID-ITIA L

-4 67- Arthur. D. Little, Ir.
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Relatin the heat of tioobuation to the nuber of cp'rbon Qtoms in
neither as efecotive nor as fl.xibli as rolabIng it to tho molar oxygen
balance which is done here for the firut ttnu, When one conoidu;u that
nume-,uz polyhuofunctional co€pudo can have the jame number of n.rbcn
atons but different heats of combustioni, necessitating an eqU6t04n for each
h -e,4_ t i dppc . r.. that the.ta'k i5 61*i1iiau toy ute o
oxygen balance which 'leads to a single ptatl on for suy.hoxofmictlnal type
ragardlesi of the number of like functional grou prer . . ..-

Tha mothyd of haraisch (%5) i5 &s close a.any to the. aystb4 elsoribed
An this report. Yet the difficultiev in zalculating the nuamr of eXp tron .

Sin a eolenule are definitely greater than in couputing, the oxygen bal/,ne, a
.fgure which carl be obtained.!Po t4-- - _ -'- '--a

:-ofelaitinie et,'r. Frthe1re- nw..'rrbt~orwto ba round f~r fuznc..tfunal typus not given by Tharasol' mardifficult-to asign' and a!fes with
any assaine rto n a I). lHf L h derivation doom not 1nalve the

stra-ight:-lipei reatonhirwic am it doeaA±J1 ti sipte-
described below. _ ,: ,-, , 7 -" ----

The 'system presen"ed here has-onv, distInct 4wartae over all: pro-.
-.viouely uSed methods. The linearity ofn for any ho~tologou aseris wath" .
molaw oxgen balane allows A reasonablestimatiton of the ocouray o f a_ /
reported hat of -combustion. Isolated points which do not fall on the beat
line or within a reas one range of it aro;-e suspicion of inaccurate. deter-
miation -for o(e reaaon os" another. The truthfulness of this temelt ha; -". ha
beauh I and J-wtified by a -nuber of insta c s In the pertinent field of
explosive cheaistry, i" which a di4tOmination, discarded by ps aa 1,,bei"g
incorrect, has ,been revised by intor determdnationir by othtr authors ,"
bringing the observed heat of combusition in line with the calculated value.
An example of similar reasoning applied to structure proof can be found- in
the recent literature (72). Thus many of thedata in the Tables 61 throu . ..

_13J .shou th& effants, of *- e selection, ard tha point. chosan for -- t.ati-g
the best'line by ',4a least- squaresmethod have been biazed," bu.only for this

Thi )ist of fu-actional groqs -used may bA considered incolete.
Additiohe-wJll sad&- and rmpor'Ged at a future time. It ray be that improved
accuracy cart be attained by.reacorking the. accumulated data in a different
fashion and employing punched card rachine-mmethods for thii reevaluriom. "

- Such a poseibility is imder consideration.. .. - ".

2. Contruence of- Obervation and Calculation

The agreement between observation and calculation by the present
- - system is generally within 1% or better, depiiding -ro*swhat. on the accuracy -

of the orlgiraldata. Other factore-affecting the agreezont. and not taken
- ' into complete consideration in deriving the equitions, are effect ofposittonal

s.ome.sm,. effect of neighboring groups and bra'hing., and effect of not taking

CONFIMD4TIAL

.Arthur D Little, to.
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into acount~ nJinn cuiveations necessary t. convert. obs ,rwved dAt-a to a uafl
ta1~uic of tomoJeratlhxe 11W vaoao musuroabnts, U444ibux etax~ and the
' Like. It has not ickusd wortkihil~t to make all adjutrants peusible becaus*
the w~kr~an accurably of tho original datas,,vith a few txceptions, did not-

iearrant. the effort. The data uead for this study and the resulting .quatinas

I Threi abiwst pefret agreement between calculat-G' heats of coo-
Wbustion and abservei v#luok for normal , srafftina and certain other hydro-jcarbon$ whera the data. &rip konwa with don~idea'able apcuruoy (115l TmuscIdata. are taken as the, ha0Ia for the vhele system which follows. For other

types, of funcetional' groupis the &V e~nt is luau .good but satiefactory enough
frto. p-oze WWV -- U_ -Weer_____

*.- ivea~ in 'igure 79. the accurcy and preciuion 6ot results appar~ly ee
*only on the reliability r~nd accurady of~-conbustion- data actualy. masured.'

Th reat~st deviation ft- the stright line relation. is generally sixhibitod
Iby thi loweatnember, and this Is partiotdarly -true for the polar ty -of-

cariuid witiu an ab bofld e.g., AsWnthlnc formic actidk uml.x 6

Nsthylaaizas and tt ~~t 5

It aay Ihe arguad Uat the alclt zathod devised and reported hers
does not eiye sufficient sgcu ecy to the heat or combustion. 1itsem to bse

adeqate hosofrto ,ro- 4 -Add-I M'~pfi±atioil of profp...-

se".WSction of -it 1i hiu -s ~ avliu Vv±.k53 so.
to relate 'power as comp~uted by the nR T product directly to poweer as measured

3in the bsllistic' sirtir. Indeed, in,,',number,,of instances the calculated heat
of ccbustion leads. to b2,ttar agrae~mnt thnn does obaerved het 4f cbmbinetlton.
At any rate :the roughnsis of. prediction is not so great but wehat satisfactio~n
can be expected when used in the 'field of propellante 'and higjt exploziV611.

This system of est'Aating heats of combustion eeso devised specifically i
fic- with high explosive mstrials, many fi -!&4!eh contain grc'is not %,wcep-
tibl~it estimation by anky ot~ver a4iplo systm. The syAtem as preuented at this

* time, neverthelss, can be Wied f~r any oonpound, containing the functional groupl
given in Table 60i ConceivAbly there is no limit to the nunbu r or tyvpe3 of
groups.. or bondsi which can. eventually be included. T-he present method is not
clAimed to be indisputable, for thero exist Ani'lralie and difficulties still- to"

One use to which the equ~ation ccofticients can be put Ss establishing
terelatiw contrlbutt9n of an~ functional grotq) to heat of combaqtion' The

sane contribution will be nde to heat of \explosion if the point of co1mSCr4o
is chosen to be zero "okygen balanoe to carou dioxide 'and water, since -at x~d
point end at positive balAwce these tio heat.\quantities are idectitael. iMreo9ver,
at the zeo point the pokier of pure. exploasi', 'counds, a parameter which is o4
vital interest to -the present investigation, is at the aximums.

c0:4FIDENgTIAL
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I Tus tre &an he aensetruted what sight-be called a "plocamatire"
o eriae to inteirrelate the rplativo destrability of'a' funottonal grout in. an

I explosive molecule. Paraffin is taken an the zero potential. The _cmpt
searies ias 4vea t, Table 58. - Where pozaiblo, or '-praetics4 the r~lus- hava

itben listed for the liquid bstatw, and~ only the most'reliable or kithest

-41 -- z -ln .ltlIc



CONT L~U~

'TAB~LE 5d

PLO 10OT)'IIV MOMS

ConL4bton of 1iuact4toal GeoaR to H0ejt. Of COV;,U~tIOn

Functional TY Pe .. Ccatribution

IRi4L-,&tIc r631due or k4ydroga)

Ni~ft RObO 129

PrIzMary ni'tramine RNfNOa .

?itraiids - CO)W40 103*

Xitramints .1h 95*~

- ,h7Uury nitrosamine fiO

I --- -lAio compocund

A.wow-cozwound aiN

.*v~bdraine, disubstitutdd Hhl.MR .\67

Hydra~in2e, sonsubtituted RIMWfH.,

Tetrazole 4

NH
tHydrazide,, monoub~tituted RC("O)NNUO 47

Oxime . R-HO*I 451

Acetylene .. 37

ft-.CR*. 36

LAo b.=Ad-grouy .N-51

CONJIDa1IAL
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CoNIFIDflN?!AL m

ITABU. 50(45td

} Aawi bo-CVo --

Oiia4din, d 4tiEtuted RNHC(-NplDNp

-Curby.vlal. ionitxwile) Ijlc -27

lh±qphoe R R2~

titroso RNO 2;.

AmU6.

C~olopropaftxt

Cy~loproane 1

Nihier RCN ~1

-43 Aldehyd DL! .2



'I tAaLE 5. (coiut'd)

Ketono RC(.U)W.6

Acid anhyride . *. - 2-O

Acid RCO -

b~ddo . - 6 - _6

-- m.~aphthaleo -6

C61ohexanc- 2'

R/- 2I -

]UP -e-wl _ 3

Salt .16

*For comtpouncd8'with -subatitiierta on nitrogen, add &ppr.-,Aats p-oiwp value.
* 1~Kar Isjal, primary :itr~inu, RiirViO, cunitrib~Ition bacco±a U2.

* . . ~NFIDMITTAL

Arthur D. Little; iti.



The funational group Which makes the bept plosdhm~ U- th* nitro
Zrowp-C.4I%.) and this attached to oxygen, nitroioh or ojirbon appearA )41ghestj on 4hJo list~ (93-129 kca2/Nole). Nitrosi.xdie (-fYo1 Is also high (56 kar-z,
c469iitent. with i tn secondikry pidsqph~oria naturi. N! treo -('Nop kcalmole)
arnpuars co nidermbl lower in the scale than would be & "*pted. ThI~s iray be

toe W e look of sfficient, data to kiely a adm-ltnlv raliabl& na*nmlt

a enad-it is, refleot-ad in the unusually hlgh slope fo. t 'his functional type
(ueb. TOib3.s 60-an-d 136). Aromeatio rings, Lmsubstituited amidas, &.nd aoi"
appear, below wa rina- l- t-:- ka2 IaI -and,:re .ndt deziriblt. for contri-
butIng--to -heat.'of.,-x1l.aion or onbuutioor -Er i aucsc m -ddaa. molecule by
.raplaaii* a *inglobond with double bound VAefti Thkl/mola) or with n -

triJ.-baad (a eylens, 37 )r-!;& ls. ~~d with-hydrazine, a;o, and
AZoxy groups (67-69 -kckl/~la)_are rich inx eLor gyand indditioq A fr lf
ill fui-tog- 4erilia. a surce o6f UU4tra an - I.wsforp era othe i rs
lbeinag conxt nt'. The presence of such comowio groups-as ether, aloohol; axdbe,
flucrlns, &abutftuted guani-dizi, anid *zter (1h4-16 kca]Aole) .1. h~lpful rather
-thina detrtgwatal. Tetrazole (49 kcal/mole) is'not as -goad as might be. evpected,

-priobab ly .bwauss of lozs of vaery. due *41 reaonanoe, all~iough it can 'still bt
~' lame a~scoadaryB plof~ophow-a 'hmes-lo 1nrgIn sh Onbr)oenz

Vuftlcf, wtij. eoao, ouigft to ijave hoan the ectivalent of thw.. nainid_
-bo*ods (42 koal. vv-loDkcal). I urarn (36 kcal -/Aol&) -is not quit tba.--uw Of an

r---o 0 md two doble. bonds'h r;n l/oe)prhaps for. the aie reason. Indeed,
frob su~ch consideratious a resoaance einvra' value' can be calculated. -,For the

Sbmanana. rinl,4t, would amounit to 52,koalme-le and te -?6 -Wa/mle for-rmphtheleniv.
in:raoeicmre~n with kieland is 'assigned values of 41l-51 kc&/3oe -A~nd

1[77-L;6 koa/ol- respeotivaly (151).

A table sl4lar to Table 58 drawn W p6 a weight basis would be even
more halpful i. grouip ovalustion febma an.,explosive vie.wpoi.VO bO.U a
dependenue on we?'Lght rather than mol~r va"luas for rieaeuring,,.u1osive ,propertie3.'

-Such a table cn be oonstruze~td from the-, d-t- _____3L

The. contribution -Loy iulciclional grusas pr1.'iiduc by the pres-int
report coqverted to valuais which atom tc, atoo bands might ontriburW' would
be akidi, to the Pauling jsystes of additive bond energies for-At*t of format1,ons,
and to the Arthur D. Little, Inc.-; mathod for heat of colibiution (7b). prde-.
ce~sar of this oile. S-Ab dfort2 in this 4ircroa.-hAvi' shown-tjhi't thisLn

-be -'do6a. Te rrir -is aly -mado-from. the ihtA~rcpu and 's1krif values.
alumn in Table 6,but tu-s r"-ita-ar*. ot yet In a stAte for publicaticn. -

A- I.Multiple Gkoupe on'sa SinagV- Carbon Atom -

cortai, grouqpnr or atomo, audh as pdiic,ohalagan, can replace thei hj-drog*n
atcas on a single carbon at=m. It has beens found- that compounds containing
iSuch a multiplicity of funct-iob make-an fnergy contribution V- heat of ,a-
bustion greater' than would be vxpssted frcm imple addition ching. the~ Values-

fo on functioa per caLrbon an d~ncibadby the system hqrerl., Accordingly,

CONFIDENTIAL
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SE&UR "Y INTW)mroATNl

special squati~ona havo been determined for the gom trinitalo (i N 4 J
gem trifluoro (RCF,) groupings. The increase for the gon tr£ subs fl~atton
ovor te *A- o tiurG6 single grcupe it. small (0.7-1 and It for tr4 nitro, and
.trifikro, reapectively). It might be attrbutoo to ;(tha laol of ttydrogen
atoms for bonding-which normally aoans~xz some '4ergr, or to the ailirg Of
strain from incrased bond length caised by repulsiozi of uum.tip1 Y.. I
ajiectsonegarivo, gr-ups' on the same c-4rboA- atoAr

7ediif rence between the value. for gem diitr Ci5 (.O and the
sum Of two moxnto-.O0)groups was so smali Uh t it com~tdi~o deter-
mined whether it was a real difference or due tork errorm in- q*per. ;ntal anns-

-urornenti -A sejJ~rate aue fdr - - -,dinitro-ls n. .ncludad, $~o'rin
Table 60. - Fom tho preliminary ..v~luatiow of the e&~.&nccmsntV .efct of multi-

- rbem a much larger effect for both' gemdi and i ri- subatitution was dedubad. -

- - Thesi original couclusions. have been di~actrde4 a A £Ajrr bf UiaaaaL~r
.MTore atisactorT equatism.' /u

D. Con.nluuiona

Frmtk evdece gier in thsret tlinecnlue thitt the uetho
_0- alculatii* "~t- of O"rrwtion ro stagh lie etionphipwihmoa

oaygen balance is_ vald and exceedingly useful. ;f %.kxe amWn bundcajd of con.-
L ..pundeconsidered the onlyonce of interast whichare in disagreement wcith

fcalaulatioa greatsUia0%&o &,o w1!
% difference

- - fr calera.

. cc c ,- trif luoro 3,5 diitlotolupna -31
2nt'h-hno1- nitrate -_20

-d-piurylaiethaualandue dinitratoe 417'
zrinrcezoncitrile * lo -

-tallylpentserythrltol trinitrat., polymer -12
jpentanitroaniLine .L

Tetranitrim ethane haa recerWVtbwmben.AeteLrained with.-great accuracy by t"-;
)iXatirm1i gureau Oi SL Aards (83). ITt mint be assumed that this compowl-d'is
uvqque and does not fit the general acheme of the calculatic~n method, Trifluorpc-

- ,-dinitrotoluene iv suffiaioat4y divei-gant to cast suspicion or% -the iduntitV
-- af the jopoud neasfred and shou . be reevaluated.

2l,6--1riaitroreiorcino1lj (_~hiq~c &old) is only* 3%A)sse t-ken cau-
laInud -and 5-nitraskinotetxaAzole his never been measured, but curront interest
makes doesroination of both these desirable. j -

grup forh pos'bi to4I O*W-a ia t- &W a1,

fuo ti *hu _na grup for.. 00~ V0SI ~s0S suitability in explonive compbufds by tiuinag a* Limi ted
number, of noai-=Wluisive, even' poorly balanced, compounds without the vjtsi"
*jud dangeor. preparing we abalainidexposlv6X for actual tsatilg. if any
If~inctional twine in fnmdA deam le, the*n --a ofun can~
mado to prepewr balanced compouds by. iniurcducing primairy. plouophorlo gro~ups.

.4rthur 13. la USe,~o
at Eno.
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The prepant liat. oft funatioi &r42i should be extended, ptrtl 7
Rfor particaar use- *itb iwiav~w compou~a and partly for geneami use ifi9othar fields of scienca. The caafricient.of as of them p-ar-be rappr*Ai-Imated froma existing da~ta. A -wora. acurate estimmnto cf aitroso (-NiO) GhOM

beobtained, and the ,.ollowli* --hould be Ponaldereds

I. Of 11*Lz-emb for uxplomi viu- -

- .1a)azids A~-
J b) 1,2,3-triazole and 1-;204- _k

triaaole §

-C--I- C C-~

A) -furoxam, & aISan __

4

d) U iaef: Fw,-Prta.zcLeAe, and -X-N d- .N3-NNN etc.
oth~r linear W troe'M
chains

o).l;2,ia,5-tttrazine ad 1$2 234- HN=V\
ttaN.n 

-Pe C
f) azine,--i

g)hyewazoue N

41) iine o.- anil -

j k) hydroj"lamine_

1) nitrite -ONO

_m pero loreser -OClo.,

* r uthial iZ
bj) sulfide- -3

r q) esultonid acid.-Ql

4 ycb~oro-- -Cl

4) bromo B
z t) iodo

u) isoeyarmte, _NCO
Y ) pe roxide ~ - '.COFOA

Arthur D. Little, Inac.

-



E. Rules and Procaduri- ter %laulating -Heat of' Combustion with Uqle

The present usystan described in this report In barmod ari tU
46stawtion, adequately upheld by experintal *vliace, that thOe seolar
beat of combustion of any orgoanic homologous series bears a straight line
relAtion, within an acceptable litait of error, to the number of atou of
oxygen. lacking in the rno~naiic- which are required to burn the- comounds
to .00,, R3# bi, HI, and S02. A quick etimation of this nuabfw, called

-the mulroxygen balpau:, for the zamound4,0H N0 X . can boeA -by

the equation: 0 enbalance. 2(n~t) i- Cn-r) -q.J

oh'tained by the mathod of least squires. The slop>e and intercept valuee
for these equationoh related. to the paraffin 2qnjation zaB a 64sis aea --Iven
in_ Table 60.' and-the heIfat -ofeor-ablition d&Ua- uBsed for the estimation i~re
Siven In 'TAbica- 61 through 138. At present calculations are lim~ited tom
copw-da containing the groupings giveun In Table 60. The.-data were taken

-.. from many sources, amid the only correction an lied to the origiil. data,
- aside from correcting obviowi errors. wan, to convert the resultsfren4-ead

-to a ba0 of constant probsure, where necessary.

Fudamental Rule-- .-

--'The heat. of combubtion of a compoundmIis computed frum tfhe oxygen -

balance of the compound on a molar b_,ais and the equation dr~rived fron the,
-summation of the slope,-ano intercept factors for each - tlk*tural feature,
iacluding paraffin -as one of tha feiataas- in every ce -'u & + .xZb

whc I a. intrcp t oierficis.ut for each functional type.

.b z a, J.C. or~ for~ vwt ic r tionai t p!±

A atmou of external oxygen required for combustion.

The system,'in affect, calculates and applies the equation for the
hc~loomseries which has the same funciional groups a the compound in I

question. . .

-In Table 59 a few examples of the u'n.cf the iequatio6 I -lustrate-
th di iM I ri-ui C.... have beel. ..."Lo Ow- J- -j:oe urivation 0f ti, - ,

coefficienttn given In Tabie 60. Examples. 6 -illustrate.- lerger and more.
-r licated mocucng iLcA be ik.ndled aduily by the present systax.

'Rule1. -.

The valus ror'-normal "Ni:-ffrina (a . 7 anid 1, - 5.d'are always
part- of the equintion, and it is considered that nevei'more than one of ta'i~

fetr cever prem"I'

- . .
COMDENV~~AL
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Ru~le 2.

i f a chnjp ia brajwhed, or there iseazfze than one alkyl subttutent.I tt~ched t%9 a oyal4o structura the 'i'aluxis for tjranched;2paraffin are add.-id

tob present. !Thbbnesadtleare not branched, but Xylene,

'wvtura ofS -eature- 59)vr o7.'

hI or hratoe, futerin ale of thetfiaiatyp is praeti. --

Interept wm-(roj 's aulinle/ tl he mbr dvio z uhris but th sme_
--uis the orma pafn aldhd nd r mnehio ptisn fhe altureIi rhis tha
llousdtbe ide in th.pl 1, ale woeo. scpixonitoatei grulo dpi'-t

lr teinen tpere o a choup (-NsC(-0).,tw posilndou the ire y e f tes. gro

bot, -ohanad h ofa aih, a~ couiAeI edai~. nadto h

bvire.drupicas naairotp u am one~lk the i01)nn o-bd the sa~ne
ik thed sutn uhqsiu of anadhd adupiat'win whirise alormy.te nk-ictoge

__couldin be oeuindt example sralvd Fxoided by uste ruf bof d coatribtioa

ae the ues taen reose- aore nd to hvi Fhyiuet sas of t

1coaPound- underhofwc consideration Saeopto te -tizs rul addeiint

bl= 60up whas on amset r' u a of th~tsi e reliablents'o the oether, it~
hi acid'atsuabid (sl $. is drptlrrdton liqich ese ol nitr oafean

__Prni'n aine osolidYsre re-b-sved r hydrocar eofbon d ro-corttibutin

Whpstiere a chice~o of coefficiets Isfossithe, liudndlido phases
hae- bens tan real e aorrrapfn(iud)in tll the * V-iald. stte ofath

phasle ha0 ben onede of coznmfictparalIn (as) reiable _hr fh thr s
"&s zel~nktdrde (oli inprf'fored o lqui), ster-fttrz-le an

repciey ervto fc-fPcet o the liqi nui soi phas~Jesa

haebe ae x omlprfi lqud nalc-x ai f;Iti a
phs .aebe &zdoln4. UM (a)ine ZW3
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Rule 6.

Wi~th salts of organic bases and inorgAi acids, and with hydrates,
-an additioxal ptbp in- required. The heat of oonbt.,tion of the component
base is =Inulated independently, by tfsa. general schemas, then added to the
heat of combustion of the Inorgai acid along ilith the viinoefor each salt
link, to give the heat-of comnoustien or-the sat.This Is illuatratcd in
example 3, Uble 9. ior inorganic .cqjonoata, kuoi an nitric acid, the
heat of' conbustion Is.,computed from the heat of formation obtained frqW
other -,sou ces. A si*lar proo-Aure losadaptad for malts of ~~dO:j#and
inorganic bass. For organic salts, with cirbdh-oarbon bonds, the ordinary-
,rules for calculation can be followed. (See eiule 41 Table 59)i

For oartain nitrogen co ntaininj groups there aunt be Added to the
contribution given in Tqablo 60 additional values for~ aine or tydrazin6i,
when a carbonitrogen or nitrogen- nitrogez, bon4 ha~s been focreed by suk~jti-

* tution. Such in the case for amide, hjdrazine, h5'drazide, azoi amoxy,
* guanidin,*, tetrazole, nitratine, nitraidde, nitrooeaiab, and nitros a.

Thub a primary nitramins iq.considered..to have both a fiitramine and g primary
-nan contribution,.and an k-substitut~d nitramide sa I.an-a p.iary7 aaina

*contriblation. To calcu~xte-an organic azo a Moundj.f tlwa type -Ar.- 116Ar
* two OrVJ'&ary.a&1ne contributions besides the azo, arqzatir- and paraffin

features muat'.1o includied. As in examples 2 and 3,iTable 59, an N-3ubatituted
amide or guarddiie should be considered to possede ajpropriate a Ine eat"e
in addition to the amide, and guanidine. contributions. ---

Rule 0...

ror onpounds which Itave functi.onal froups not qodvered ape1f Ically
in Table 60 approx4ations soimetimes can V(o made by un-ing values for-a c;loskly
related groupi. tii-Crule my be applied particulakly to -the physical state
aspect. ,Little error will beli~troduced in "aet organc aw ouldb iz Lea - - _

value- Tor the liquid state is )sod ror soics, Aa nvce vorna. - - (See Aiip 5)
* Compounds containing other ertalft'escaotb~abt~atad at this

Tho."data for homologous s eries of caae~.ned I.. the sme phys~cal
state Were iVAed to estW-ate the be stai - lino. InA severul instances
enoughz datkL',,ere availablae to eive squatlon for more thin oe ptosical

* .. ~state'Ifo. ".r04; containing a givon fNactional group. The ilerne
b.:tAw(,n -thd eq~tioda, then, woculd be~r the het f 1-ision or haat Q! vaporl-
.ati&an tor tfi homeof cutlonal types. The diff ererices due to heat of fusion
'for, orzanie 6mobaddA ae l particularly, for the lees polar types. biz' . --

it le flt t~at alut. should o takan -of taia factor-where it is possible
to do so, reducing at Lftf; fe.'eource-af jrror.' However,the error of- =!a&g
liqldd &4t for nolid 9pPUAMd inS 9MJ4. --

-4o Axthur D. little, Incz.



a TAW 59.

Illustration of Hoat of Co-mion GL9atioil

1. Hojmmeaw1olbonzene haxanltzate -- ~ pOO

'MC 0N R

Pe (oWn 1396.2l kc^Vmloi Ref.. 71I 21:06N1g'ks) + , L CO. 6 Ha03I: (51,

t 1 norzal paraffin (liq) 5- .7 #5.2.00 (Rule 1)
I branched paraffin (liq) - -3.7 + 0.09 (Rule 2)
'benzenie (liq) +- 1. 0.07 (Rile 5)I~ 8- 6-~~t 6 x 128.4 ~ - - 770 0 5 4 (Rule 3) -

'kC- .3 - (10) (52.77) -1395.7 kcal/viJlq

S2. Di~ethyformmido C.~L~

o~(bv) not foundJ
oe~4 A~. .; na U~o . 5  -. &4

al b
tacet) oe

1norl.al paraffj,n (11q 5.7' 452.0d (Mule 1)
1 alaide (1i-q) --- 5.6 -+ 0.47- (R uiml.w -
1 secondary wnie (1±q)-*t. 0.12 0,11a 7)

%(caic) -!- +.4 (52.43) (8i.5) 4b4. Ikca1/mole

3 . Diaminoguani dine nitrate ; aIC"Hif~4~O

CH6NsO3(sJ ' 1.5 0 2 -coa -90 Na -I x 5,~.5 (for dialdhn a-non (Rule 6)

al -i- tnUrf.Lttle, io



UBUL 59 (cont d)

I norua.. paraffin liq) 5.7 52. (Rufle 1)
1 guanidIns. (s) 0.7 . W.is (Rule 7)
2 hydroxine tondia (a) 65.0 -0.10 (Rule 7)
Q (caac) - 71..4,- (51-52) ( 5) 354-6 kca2/mle for diaano ,,Anej

1 salt link -1.0
I HNO 3  -7.2 (Rule 6)

Q~(cal. ) *35".8 - 114.0 - 7.2 - 333.6 keal/nol* tor ditmioiii.ns nitzute

4. Car "ladrazide ud xg imaat wC (-0) to~ (C..-)),
x - q.0 (for antire u01.sculs) (Rule 6)
QF (obs) 964 6 p-ja*

a' -

I rnorakl pariffin 010) 5 .7 +52.Ckd (Rule 1)
2 hydrazide (a) (2 x 28.7) -*57.4s -0O09 (Rule 3,7)
2 acid (z)-(2 x -3,8) -- 756 - 0.01 (Rule 3,5)
1 salt -ls0- (ue6)

C 41.5 *(51.98) (5) - 04h.Okca/l4- -

Ca CH.

CaoHo0(a) + 27 !0a(.Oaf0 15 Hg0 (necpt eoe

1 branched pararfir~ .Iiiq) -3.7 0.09 CR%.iO 2)
I cyclc.Eaxane (liq).- 7.4 0.00 (Gerioral)
5 murmil olefin (ii) 5 v~ (1k4 .2) * 71.0 -0.01 (Rule 3)
1 priary alcohol (:dq) *9.2 -0.05 (.Rule 5)

OP 71.-J 8 <~2. 1V) (510

..--452- Arthur D.' Uti-,'-
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TABLE 59 (coft'd)

I heroThhthalsin-

C1201144(t +21.5 0D7-1 1 co"

i W al.parif .7 2 C08 (Rule 1)

1 branohed p~&in (l!q) - 3.7 *0.09 (IHule Lo
3 bwinennaa (1±q -10.1 o .0? (ule and 3
2 aromtic hydro3yl (s) + 7.0 o.029 (R'jlo 3)

1 atr(U) 16.1 -0.42 (Rule 5)

- 15.0 + (9I.-53) (43) -2230.8 klea/mole

-U3-_Artur . LitleInc
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?iorml piwatfin b - 5.0

..ocm~l pax-affn 5.5, b -524

CA-aflphatic calm~

Paraffin bwwhaid (Uiq) -3.7 +0.09

+141

noma (1q) -M

Oclna i_
nor=! (14aq) IT. L), 0

-j4 Arthu D.TtteaIc

j Zgyln



!i'SBLuor., _eontd

Binzenel (iq) R 0 7

6.

tot -1.271

(14q1

Alcdj u (0 *11'. 5 ,. -0.09 RC)C~iI
-'--- *2 -. 0.3 -0.68

*$ ,( 1q) 5 -. 9 4 Rc-U- --



TAB3LE 60 (Woit'd)

taid (liq) 4 i.7 +0.07 RCOCAI
(Solid)'Ao

- cd aabydrida (liq)d 9.2 -0.01 RLC.0
tsoid) 2.4 -00

Fiter (Uiq) +16. 1 0b -

- -. (~ad)0  
A,. -0.62

Nitrile (liq) * 9.3 -0.01 P.CN
(eolid)e 4 83.9 +o..29

am1.rina (Isonitrile) +26.6 U5 S

- pri?.U~!-q (m~ 17-~7 .0
primiarl (gaa) +18 -0. Wa~
priv~ry (solid) 4 I:3 -0.08
-~aeow.ay(Jlic) +160. -0.12
... ;oonar i~od) -144.99 i~~

- tertiary (11q) +20.5 '0.08 (R 3 C).tu

-~ ~ - ii -6.5 +C.57 *

-- Hydrazinc (solid) ~ *32.5 -0.10 -N-H-
W ~ drazide. (solid)h ~ .*30.2 101 1C-)NN

h
* - ~~ LGjq (Solid)- 2 LiJ

U a~Guniddne (4olid)h *0.7 -. 4.6 -- C N )-

utraal- (5clid *4d7 +.32N-N-

*-I CR

Oxim (solid) .J45.3 __ -0.12 'CU
Nitro

cliphatic (11.q) 4id.4 -()t36 R3 CNO,

aro~datic (liq) +97.9 -0.39

-486- Axthur D. Little, Inc.
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USLE 60 (Wont'd)

f Funictloaa!W pt ?yp_" "li

Gfui tri'n'tru (1,A) + 292.5 +0.29

Nitrate (liq) +129.4~ +0.23
(solid) 618- 0.53. -

* ltrami. (so0 1 4 4 h 9: 9*3 .Wl

litrai±el (Cli4J" * 193.6 .0.10 RC W. 0,

Fluo~rine (UG) + 10.9 .0.1 CF
7__ (Ioiid) + 14~.2 -0.19

( trifluoro (liq) * '41 ~ lL.-W"-

Zitrosae±s (aclid) 56. +1;.05 -Pd
- Uq)

Tipaiali)*21.5 +0.9a --

Mitroso (aoi.id) 2 0.9 .3.93, -,

Salt -otita 16.1 -- 5
W~d,*&a foZ~tL~ *

a) Based on normi paraffin (gas) ---puj. --

b) For I~dxcnar7jorn Only. -

c) From dibs~ic acids.
d) Biaed on =all amount of data and not as.i,'ellable &a value for solid.
a ) Basod (xi limited amiount of data "n~ lesj reliable than value for liquid.

* f) Fr.,. aromtio anines oltly.
) questiorable accursoy. Eased on litaited smount of data.

h) For sabstituents on the nitrogan =dd-zi- '-toe bcnd-group values.
jkdPrim~ary &Cnine Values ror 04-W Nuag iL"ei Ou flrdtioen, fie ;qrry -aalaw

values for twoe substitusats on the smN ni;,rcg"

Arhu D. LiteIc
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F. Tabatr : f lkta

An attempt hAs been made to obtain from tha litarature, open and
classified, all heatz of cn=bustion which hewe heen; , b1 odh between 1929;
uhen the bibliography by Kharasech (55) apprec, kind 1951. Much of the
matapial fa-i arnniasp in ThhA& 6) fhn- lf.i Uian,

pounds which do not fall into any hoe-ulogous serieo reported there. With
:some exceptions, notably in the nitro and nitrate fuctiot heats of com-
bustion before 1929 which havo bean used a-re- the ones as given by Kharaach
(55), but all of tha hoat. rerpcvtsd by Y-haraeh have not been Used or
reproduced in the pr eent treatiae. *However, all knotni haau of oombustion
of organic co~pouadn ootaining the nltro or the nitrosao group attached to
carbon. nafc'am or nitroen bave been includad in tbia rencra-_ven thouk_
thre is duplication of copounds.

The primary source of the open literature "ata 'was Chwiiel Abstrantp,
for the years 1929-19"1., In zararoases the original pubcato3 ated by

7-ot a univeral rule. Classified lit4rat_%-u Goverad . 4i:1dsd OSRD reports of
Division 0, SPIA/J reports, Picatinny Arsenal Th.chaLCaI R ports, various
-cu-rnt reports of Nvy installations and con'cactora;i, -nd -a . work dons
for Arthur D. Litt", _Tne. by its subcontraotots.

2. Method of Ob pling Least Square-) --i4t~onts

The cqution, w bias obtained for the paraffin hydro-

fram the forwlag:

ta= Ey-b %x- I__ -.. • -., ..

In wh"c x - zftvar ygnbaltuce
vy-heat ~f- cokbustti' h 2at cnzt nt uXOAb.Ur* -

n - numsber of' itasu.1

The equations ffa the remaining homologoun sories eerd ubtained by
'he sam foru2la ..from what might be called Oreduced data", i.e. the va ts
of rm-in =g after subtracting 5, 7 and the contribution of functional
_wo in the moletule other thaa the one boiX procesed. To obtain xi ard* y for least squares cluta~ton t_ reduced value for g and ths molar oxygen

-balance of the aotpoumim re then each divided by the n,3bar of like functional
groups whioh were being calnulated.. Thus the equationz u-er obtainei literally

*for functional groups of a single type regardless of tho preeerve of other
gr .nthe n-poiuids. Thi approa-r- z- !Gwd the- una-cs lage VWUY O

* - available dati..& pogeible if only Qhl datt " hf .r-ional typos
had to. be u ,,.

r0 NF i u-N 1'IA;

Arthur P. Little, Inc.
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j 3.,-Arripea7ont -of Heat of Coabustl-on Data

T-b-m61-138 contain the data of intereist to this projecr.t. Thry
htve boon arrnced in general. nrdnr of icrea*iflg corpleAity of frtwU.1'

4type, although the equations ware not all datarained in !thc cz9A-Ur in -.Sii*
they appear in the t-abtee. The cuhamia are eealtewcilarato7y. The ADL

in Table 139. Wasay ot. the colpouade have been rwiamed herew to confor to
*accepted usage which avoidaz amiguity- The nwhctrx origt4Uy assigned

in Part 1 (69), howevear, have not ta c~w~ed.

Each of the hblrfi 41-136. bQu t he .q~iwtion for tha, hwtaologoua
*series represe-nted "nd the eiaation I igires for its dertnatio , All corn-

belw the eqit*tioiuwre not used but have bnfn ixclItsff for camjlsteniso
cr becaus. the. dat. are partinrrt -to tha tteld at ex ulonP'ea. An occanioafl

ientry eade below the equation f Ioud too14 ',Iie.±s~a..

I- thehat of hy&,tdc oaam determined as an average fr-= pairs of data
for hy'dr-atcs and thy asflydrouj couqpouud (Tatle 131s). The heat oft.:tnlt formA-
tion itse obtained ao the difference between the heat of foption-.o cs

bountion) of the. salt and tha sia aM t the heatse o: forMAtion-Ior ccmtuu~a

-469- Lrt ur . -Little - - -



SCOW IDENTTAL

0. Histo rica

Mthods of ft-1CUlAtirsg ihts fi Of 1iatiwai ii-I Cof buti
orgauto compouda have bcn used for wa.ny 'eas They can be divided into
four general types .

1. Methods of aux ation. toinip bond. resonance. and gratw e1w..4t5 .
These generally have a sound basis in theory "d have been :iell-deielopad
for fairly wide application. The ener' values are obtained from c&onsider-
ations of obeervad thermwjhemioal data.

2. Methods of s-mution, uslg a base 'ralue to which are added correotior
- or sibatit-ent functiol groue. Tsiua are generauiy expiricai a=i nased

on o"z..,-ed data.
... 3. Methods based on linear squations obtained fiov relattorahip between

neat valbe -adeas~ intrinsic foature of a sorims ofhP.ologous comr-~wda
such as number of carbon ato=e in the mslecule or pa=-chcr, These are

Sempirical meth6&d: -ing observed data but of Limited applicability.
.. .Me-t-hos inilvIvi efffots observed upon aubstituting =0i grou. for.

- """h.m .- -have boaa w dely u&d but are ixtrmL._Wsdtedr _i._naalv _ _ _
unnuitAble for -Avdiction of theraoch ca propertiYa of n4 -, -_ a

-L- Meth-ods of Semiation of Bond Energles

. The ethod which has p-obably-received the greatest popular attekltlon
Is tLat baced on thp additivity of bord enargiea as outlined by Paullng (39)
for heats of formation, and expanded and extended by Wheland 120) and Klages
- to hoats of coabujtio_. Tho bond values givezA by Pauling (87) were

.... - detercined from thermochemical considera&±ona of aiiall'nmalulee. as given
4 4bY B i ohowisk and R-sain1 (16) 7

- ... Iloand (20) in e=laining the theory of rgaonzince and comaring
" alues for different rozorant atruourev, conveirtd Pauling's bond onergies.

KLgAui (59) later improved the accuracy and addd to the values of In eland,
enUrg.ng the scope nd applicability of Tnic aystea.

Springall wW Roberts (130) obtained a set of bond, resonance, and
gr o nergies for he.te o forri.tion especially multable for explosive .cor-
FoundL conti pang carbon, hydrogen, nitrogen, and oxygen. Pauling's bord
energies weir taken as a basis, 4=3 group energies were determined from known

•of £ stlan for a groat xiY explosive cup ' -..

In the present continuing investigtion ituas felt that heat of
combustion was a more valuable and acceseible function than host of foratioi-.
Part II of this report by Arthur D. ittle, Inc., (70) preaented bond and

Sgroup eergius for caloulating-heats of co; uition which were deternined for
the .epecia fi&id of ,*Rlasive- along tie lines of Springall and Rob.rts (lO).

V. - ONYIILi,"TITA L

-J,'0- Arthur D. Little, I=n.
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I Anderson, i36yer. and Wtsoa (3) reoted a ayntem of gxoup contri-Ibutloa for calaulating heas of foi-emticxa eatraplou, azd hcat ctaecitiazsof org.nI~i cp oundz. The d~vilop=*nt of their sy~tsm was bastid wA thborotioal
cAAid.aiua± a-nd 1%sats W" at; sizatonm.

9AU of thea me~thods, e~cceyt that of Arthur . -Ittle* In*., to
I escribad in Pa4t 11 (70), produce results for uompouhdD i'3 thb1gaseous 11Uttaad %pproprija corrections must be assuLsd to oo'wert th to %ralas for theIstandard state of the , ompomdsa ol which the grewt -hajaA4,ti art. iolld or iq~uid

All thio prondding systwx3 of bond anct group energiist ba"Oe. axceadingly dif91-I c;&t toapp]47 to cow_:e1" Lroi~ and haterocy.clic st.r'i-cturss.

*A igood diso iueaion oX the early "tb.ods propocr4d for miocu-Imtipz heewto
of formation in tte ptao~a stato from bond cw gise to given by Rasin± (114k).
N ljor contributox to thesis siic~ hs ici~ t 37a~IO,

-h&aa baa Made by_1d Aoh.*n&dib~a-t (5), Coat-s and Sutton (25), and Cole
&Wn Gilb~ert (26). flasorAnce wiergies of ring u~turU wax-a .irtrodieed into
tia ay'ataw of 'bond oaar.1en by inblmwi (20), and *tddltimAU. vralues ?u'to beon
q tmitfllr yWjla21 and. ar. b~~S at thzia~~-a t -

E-7beent to iM4row'e zdw -Iray of ntalvul Led hgatI of formaii'nhv
bee maa y Laidler (62, 63 )-m-%e ~ 7t.umjt to PauLing's andI '3~eAand's but 'based It on bond strengthr. and 01honta of &too±zatio"." *Laidlerix
method suffers frx4 being too ccuplicated. for use with polyfuctional compouadvL
&Ad the accuracy ulaiAed for faaotional typeisr~ Gther thnhydr-casrbono is ais-
leading, since valuiez given are bazed on a limited azcnnt cif uncorifirmnad data
in the early Uter tvre. Other: hwave attjited to apply group cwitribution
methods to heat of formation, takcing into acuuunt neighborin effets (37, 97,

*127). These are all rather- tkiartical traatawnta, 10latt _97) 1Lmt4-n. his
calculations to paraffin hydrocarbons, and Souders (127) to -ocdr%aroa

*vap~ors. Franklin.r (37). attorqted to include nw of the nmsa- cn-oc unctional
&roVj but ubed very' linited dat-to obtain his fiurte AIL,1 SU'dges1ions
Ax". &aw =.Cr =:.Ca U0~ 1.applay; cn

* Stern-anid Klobn kl3l, 132), froi a study- Af heats of ccmibustion of
pyrroles, detbr~.dned thermoche-mcal characteu'iatici for a large nlLr..Der of
comso functional Zrvapo st h to the haoa yczj mnwlow.

*Of Aor. theoretical interest. are tho irestilzationui u: bond ztr~igthsP
by oztrali and Suttxi (310), *,.AeIh (15~o), and sklnr. and Spx-ingeVl 3#
Cotrell (2d) also calculated binding enorties or U4;M04 a~,nz- ad -resanance
enerVi*v of silplr arwwtic hydrocarbon... Robarts aid Saftner (112) daivkea
hzat :' roruat ior of a nuiler of allql radi-al &W4 resoacince einergiova Mim
tJIaril and other data.

1-h1A .Utl*
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KLethads~ for oalculating -hisa of forvAion t~om strw- tuea1 ifop aad
molecul1Lr formulas, esploy-Ing atwidari oq.tio~z, bA-vv beea ;ijg.t~d (19,
22, 105, 106), and heats o? canbustio hidvc bezen calculated by miAi~r CothoJB
(20, 21). All of -Thase r-sulta were Uitied to gsseous hydr-ocarbons..' knotbr~'

author Ua) se4ptad c3, the lowit even caloauj~teJ v'alue for bond enargies
published, ee the unit of -the chenical bond aad calculated hemats of Zormatioa
froz eubrgiep of all other bonds gruped ase multiples of this unit.

2. NuthoeA oiZ Suw~ation usn,&4b au lzfru lirain

(Oas of the beat and x.t inughly deserib*ed wtnthoda for caloulating
heists of coor~ustion. frro the sti~uit Of on organic coajpowid is that described
by )Kiarasch (55). IXarsct and iner ( :6) have giver tUj beok~rowid i~nd basis
-'or his aethod of calculatior which depaev d n ca ddinig the jiucr f a!et One

coatedUions for w~r1Jotuk-e anid fumtlwuaa features. 4ieroj et Corp. (1) hi.v
exteuded the sy*Lao to ijeludo primary plonophwc~A types (69) of ccowids.

* ~The method in mcsrN; =1e~. less theoretical th.an tjoso dvacrib-PA previ-
ously in this 2report, af-d in general givea good agree iat with__absrY*vh&jums.
?A.-myqcai *1eto s liquid i~liieInvxolves feim. corrootions anid agamptions
la ecoputs valuea for mat compounds. It is not addpted '%,, 4evrocycUOc corn-
pounmds, however, anid do"s not aliam work wall wi th tL* mor co~Aicatod funo-

* t4.ona1 gro",e

- z' d amieon Ln&-&A~n

th flu arun i thtory of molAr a--wtion Lats be"n nonverted to a weight
bunz (52). Jiesultae are es~ressed in a unique series of &Awpho for *, vi-igle
functional type, with beat of comnbustion plotted -agaiwt pewcent, cartor, in the

-oomotido, Heato of cambustiona &M formation "*e tabulmAted i~n t"e farm of
~e;-eral equations for tho dIffdrerf.; classes of comounds, -Me method has w~t

beain umad, however$ -wiith pol.7- und hettrot'wctlional molecules.

atomic numbe.r, efective nuclear charge, & d heat of combustion iou compounds
oontaining C, H, and 0, and another (4i3) has proposed a relintionship between
hea of corsbu~tiun and composition of oripnic compounwds by usei of a single

-- simple foroa . it is not e.yt s.hr hsefytU hv .Gh1£kLa

g"xa Isgu4s of the -,eracterr and the heats of uocwbuotiozi or formation
of weganic ctrApounda lave beer. carrlatad bf aL etsmight !--;o relationahip 1,95).
The values of this almia an-d- nt-ero pt nr af!-- ----
series twnd classes of compcsinda, but It to cl-aimod they can be deterrined E.zcily'
Af the values ci' pitnAshor waad ici-mustion ars k.o%.-n for one of the represen'etives
of &. homologous series. S~cma &nA ____ .2s ftor Z11- h--ooos wA4j

rlz; agra~elwnr. oa~weefl experimontal and calculated ralune
is illustrated with satur-ated alcoholez

- CONFlf~IWIAL



~CONMEYMMT~L
:sk)IRiT -~tNfQ!#.st 'iTOH

P far oaloulating heat-s of combustiui fru* uuuar-veci data. Heat of ccu~tioa
of auce"aive S n 1iol-ous sori" iiave been obtaliw4 by Verkads
earM co-workorm froA which was oalcullzted the hsat of combstitio f,) 04-g methylae (-CAu-) group. Tbus the atral~t e-tin dc:acids (Tlu)
and thikir i.atI'Y2 estbrta (IV~), th* h--.-looun a orml primary zuilpha .140
ailcoholra (14L~), &nd =no&Dl-aubstituZed m '-iin acids (145) ha b)JcO ,

oarbonsg. Sctijauberg (123) :alculated thqe nergy of cleasaga of the C-WG.
link in a serioa of a4ipbAtio sonccarboxylic scida a-ad Uioir gattoras
relating it to the cbenge in position of the balogeu.

Roessini and eci-woxlaer. apiplied similar tachniqut-o Rtlatir"- the
numbr of a&"* atoas in a series of normal aZI ALAtic prliwry alcoho~q to-
the~ir 11A~t L# "4, 001ti n - ho foqMA 4M .4. =- J

beat of co-bLutioz for &alcuouo1caw than psataioa . U)-, The equata

Q.-21.60 o~ .~ (gaseous Jitat..) -

12.0,0 + 157. N a (liquild !.tate)

In %ftich n. the number of carb-on atmo. ansi. be-groatar than Rlatlnu.
equations 4ppbicable to the at Lization '-f heats, of conbu=o of Pa.Lfx.
kkydrocizrborj were calculated (103), giilUW

5 7.909 + 157.iAW a (gaseous state)
M - I7JIc * '6)3 (liquid itate)

*in urbich a,, agAlis, Is. atom an is grae ta. .

An equation obt.alod for allylh-un-seneu (100) i:.

-158.99o + 157.44k3 nI tgaaeous stutoj
In which j2 in the nmber of carbon &to=a, and is aet. than 9. - -

A jtraight line for approximiating the b&-%t of -conistaion of gazolinex
Ifrom the percent of hydr-ogen has been proposed rwtantly (53a).

* T 65)4 (Zs" -et.rxigkt lie equations for ealoulating heats of
Icombustion of eleven hczolijpoua a-arias of ctoun~zdo with tioraionly eoiwut.xed
funotional r-tis Aras~at u.ith obEwermtionins good, but no attempt wasImdi ta'expwand tht syrtex to poly- or hetero-furu-Lina . compoundh. Pat oAlcu-
Iatiag heats or fordtWA he gave a treatmsnt similar to auaxuuni rwA " no.

Hclcomb and co-4orkers found a st-aight line re.7ationuhip between
ioxygen b igno. and heat of coxibu~tion (on~ -, veig,', bw.ie r r'i- -iiul~ze IM6)

andl~crfo ni.~al~u-a1 (J.a.~ar~u a-:traialht lir* v- 1.4-4 Z
reporteu vutwen the weight heat of co-bustion .and oxygan balaLi.~ oir expli 6ives,
in which different l.ines were found for differint types (23). The value of
substituting an &aon.tic alVyl tLhuc for an auriovtio bydrsxyl group ias e.xplcas1e
w as also datermined.

IAI



4__tidsBsk on Girow) Subsitittlona

0One of tusj most cct.-.un mothc-da 1 a' ot~ haet' nf forwation
and coeobustlion iti '>ased on tliq effe-,cta obsaered upti substituting one 1group
Ax All~'. f.-unt pubiioa*. -- bes ea made conp rin lae
of comp3u I~ diffeiring only in a single fuinctional rvoup, prbdiction of haet

l!E n .' ~ 'rj~ ft .'* AnrhdL11v haa hXtand~1h

to vredltction -from udditive stzructural fe.ttarea, or to un'lnc~hn COiFipUFUfd.
Thus Siiietoslavold (5-vyentoalavskii) (135) obtaine&d tjherwoahetti&! charAztor-
latics of awo groupings -including -N.0 -M, -)b4L, and 402 BY & eiSI"

techrmiqia. th.,eaffect of a nitro group~ on heat of co.4utiou hab bejn found
fram a stw4V ',ji aromatic nitro dorivativ3 (137) ama there ha5 be~in c~lc ilata4
tho hazatib of i omkbuation of cartal&n gro~s such as -a"'bon.r1 hydro.,71, olefin,
WL.U. %.1( 1. A. .56TiN QX Urs W-~ 3L ~~aW Sigu' LX;4"M.y -- -

of frurazafl and furoxan compounds (60) ahawed a relAtioai similar to the azo
and aaoW derivatives 4ccording to b.^.'oult (67). The (,witribution of th"
oxima k'ouq ham been Clkaculated (.11) and enrgr changis 1-n th- formation
of chelate rings have bee±_i asurd (17). Ba&Aoche ha" correlated the effects
ou heat of combustion o) introducit4 mitroo is~ into thebnzene FI~g to),
of Ixitroduring hydroxyl and methyl groups into the bze-nzene ring (9), and of

nitro groups. ~a i*. .z~tig*at-d the df.1obetween. & Utrz4 ;.2ti
tuted on carboa i aNS on nitrogen (75) arad applied the informat~lon gainad from'
the dffect of addivg a metkiyl group to a nitrogon itoo i1 Cyclic '.woa-to
deduct and estabUsei fornulas of coinstit-ition (74). lbse ff~ect of intro..
ducing succeaniva nutro Vo* Into art oatSlc rings arsd the ia&lationship of
the heat of foxzatid'a to the nuvlber of nitro groupa pr.*uint has been stu.iWc

(1.10)..ZV13 Ic
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Afin~tiariil mro~w toe z" aiubetitv ,nt for a hydrogen ofra-ioral
pars. 1Ji.

JA Woirtmotiodal cowo~knd In o0.e containing a. aingle functional

A yjvly1rWS1t~oraa coe-4ound~ coataixQ more tbiAn oire fuwmtional grou
601c u u - -. -, - --

~~t~nai cobaojnd contains omiv oLWf me n
W3 be either mow- &WIor r,,t4L

A tmttirofu.%ctio.al coundw contikinm more than one functioiaa1 type

Hos o balance is equal to the atoms of external oy~gen

aaad nitrogen (and to; bycrohaUile aud vulfur dioxide when X and 5 are prezx4)

Ck heat ofcobu.toa ( !O1 liquid), heat~ .i'olvadj 11, of P~.rt 11
(Hat. 70)1 -4H of Lijvile and Randall.

-- superscript p-comtsA pressure av -An -

vuperscript v - countant vrol1mmi as in-

%- x divided by nuubez- of hvafz tio! grup

y~-''- n - ar 0jC homfuctioal groups

a - intaftept of a howologous series; the value-of y whou x -0

For paraff ins the intaurcept in 5. 7.

b - slope of a homologous eares5 or 1 X

Fo7r normi pars!fins (lUg) th lop. a5.3

-a,- "a 5 .7) for liquid and molid state, (u~ - 5.5) for gas- <state; the valeofy' vhcai x1 0. ;Z b
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Table. P'e
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!LIFT OF CMd3UN1

* C-

1 - Acetyle"~

3. A=Uonum a-trato
1&. blltroom, aaw&nikw salt
5. ~1C1 faci1G, UZiuB gait

*6. hs-Hydroxytt-ydropy x-L-30, 5- Storam thaao prtapit,-.ta
7. i~f~aaLcacid

9. 2-AzidoethAn 1
10. 2-Azidoetban1ol rtaata

12. -3-Azido-1.2-propaxwdio,\ dini4ta
13. 4h.'.-Iapropyltderiebis(2,6-initra hanol)

*15. 1, 3-Butanadiol dinitrate
16. Ethylonediamine dilorat.
17. 2-C41oroothnnol nitrate.-

__ - 18. 3-Hydoqpropionitrile aitrate
19. a01ni.-iI. nit's.
20. Cyanurii triazide
21. TetrAbydr-3,5-dinitro-1,3,,2i-v~Adiazain,
22. FMX

"23. PUD

25. 24 ~i6, 8-Ttranitro-2, h, 6, 8--t razarnonn-1,9-, o1 diacetate
26z 2 ,i,6-T-rinitro-2 I,tiaaptn-17da 4 .cae

2Y. Diazouiu Lat;
30. 1,9-Dicai-boxy-2,4,6, d-ttrwA.troiLaasna N 10-oxide
31 - e t4 io' is(N'-ctaorofor,-am ine

33., Giuanylur'-i perchxiorate
34k N.3I4-B5(, 3-didrox~rqp7 l)oxamidv tatranitrate
35. 'Dieothanolnitr~in.- dinitrtzo
36. *, Die thnolrdizvsafins diaitrate
37. ::iethylana glycol dixnitra-t-
)8. N1U'-Dimthylethyleniedintraaine
39. :2 -(Met2ho;ymathyl) -2-nitro-1, 3-propaneadial dinitrato

41l. 2 2 -Dimthyl-40 -propanedilol dinitrat.
4i2 . 1,3-Dinitramino-2-prop-Laol ittrate

44h. 2,t&-Dirnitroanisols
16.- w-Diai trobenzens
J44. 2,4-Dinitrobentyl nitrate

48- I-Chloro-2,-dnitrobanwsxia

49. 4.6-Dinoro-o-crvisu



.55. .-..

55 . 5 -Dintyl-1-didzoyda.
56. 2jSOiittarran .

-. 57 a49.2erhyo.troy4 t±ta

70. W 2NtbYl -1 -da tppanv

72. ~ ~ ~ .J- 2-(j-niipair)ajnira

66 7. 1,-i~rt ra-2ii~old,

7. 2,W.-Dinitkr.-ur...n
687. 1,6-.Dintrobyolnuail

1 2,i4-Dia±.tAouen -w

I 15. Diethuol&in trihuo~tawlntrt

-LA * d'..ttar1 intr
815. 6,6=TIYtrpiNiitn.s,. tt&ann-19do lija
768. 1-Dintytrmo1pan ±ta

78. 2,!E-Dipicy1oi 3 propz~wl~trmn
9. W,7-Dinitro13,,7enzaabmids331

2 rwa
80A. Etha4o-inosredinat
912 , 5uc~o - Bi hyoxyitat -;. - in r- ___s d l tttt-b2:~r~o tetranitrol etrnitat
85. 1t,1-riadi -1,ina d 0-itr ap, 71-ataaa
84. Zthv-Dinittluno

88. 1,2iraado1 inira

9h.: Bthanlaid riitx- t a

95. Et~ansdirin dLuirrTo r



rCONIDEN 'A

TAJLE 139 (6=wt' d)
C-

105. Glycerol 1,2-ditrateo
106. 'bnoacetin I ,3(or 2,3)dinitrate

108. 1,3-flipicrir 2-nitrate,
109. 3-Cliloro-1, 2-:propanediol dinit-atq,

ILL 3 -jet~any-1,2-prnpaeadiol cinitrate
113. 1-&rnopicrin dinitrate
14. Guanidino nitrate
115. 0uaidtna porchlorate

117. N,N-Di cki1o roe tylaamine
118. 3,si,21-~Zxa-1,6-di&& Oicyclo L..41i tetradscaa
119.*123 S -nan neho hexantrat. _

120. He~~t7ei.teiedinitrate
121. Hexametbylenetetramine diperchlormte
122. Heamethtleneattramine mnoperchlorate
123. 2,2 .4,,6,6'-ffazanitroQzobenzene
1214. 2.2 j4.4'.6,6'41axanitrobiphanyl

-125. *,'Lh,,'Hzntolhnlmn

.128. 2,21,4&,41p66-exantrodihar~yl ether
129. 2,3',14,14',6,6'-H.Icanitrodiphany1 other
130. 9,W '-Dipicryletylenedinitrlamn
131. 1,3-D~piory~guanIdUr.*
132. N-Nethyl-2,2',14,4,6,6'-haxanitrodipbaaylamilis
133. 2 2',4,14,6,6 -Hexcnitrodiphsnyl sulfide
1314. 22 ,4 ,',6,6 t -HexnnitrodIphezzy1 sul.ronai
1-35, 1,;3-Di*AcrI'I1jvm&
136., Hexanitroethzne
137. 2,2', 14',6,6-Hexanitrolydrazabenzaaa

* 138. 2:2 ,4',6,6'-Hexardtroo-an3ide
139. H ix n-trwinbanyaxi

1.W. Hy&azine waucialorave

-142. Hydrazins dinitrate
143. Hydm*. ,.ne onoperchlorate

11±b. H~ydrogen cyaride
145~. Inositol hexanitrate

147. Ioduso and iodoxy compounds
148B. Lactose octataitrte
1149. ILead azida
--- --j Y.-. tit,4

*151. Maltose'oct~nitrate
152. Mannitol hexanitrate
153. lleaiua dinitratW
1514. Mercuric fulminato
155. Hathaszonic acid

157, Witrofonm, avu4iV~amiue salt



-j TABLE 1)9 (Coatld)

160. b 3-ztyeaiu(M-W±troahydroy~vanun.)
161. (Htty ..aadioxy)dtaethatwl dir,itrate-

163. MNotheth.ol dinitre n

161s. au -MeQ 'gruco side tatrmnitrate
* 16g. ,2,3--_utwwI.rio1 trinitrate

167. : ethy1. nitrate

166~. 2,i~e--ir-,-r adioa dtratrat

17.NEthyle. hyeneditrapuie4
-- 171 . 5-Nitrqiino-l,2,&,1H-trIazols

.172. Peintaoripthritol diglycolate tntranitrate
173. Nitroac,,;toriitr3 1! -

175. w,2,s-.Trinitrobnzeazothana
176. 5-Ni Lro -p-toluene diazoniui 2-sulfonsto
17(7. 5, 5-Dimthyi-l-nitrokzydantoin
178. 243 trocthanol
179. Nitroethylano polyme~r

180. 2-Sitru~~azio1I nitratj -
-182. Nitrogjuaaidnas
-183. Mit rgaiwxine nitrateo

* 18 4i. l-Witrohydanitoin A
1385. Niitrorathans
186. 5-Nathy1-l-nitrohydantoin

190. 1-Witro-)-(ni Lrosaa4 vo)guanidiae
191. 3-1.'itro-2 .azolidus
192. a;o;m-Trinitro toluene
193. 1-p~tpe1-,-tac~1dimitrats
194L. 7-ir--ontohnlehui- nitrate
195, L'I.~thylidtrordaine
196. 2,3,5,6--tranitroo-1-s-dnitrobenzeuo

* 197. Witrovoguanidine
198. 'Urea picrete

200. Nitrourea
201. Nitrourea picrate

* 202. N-Methyletianolnitramine nitrate
203. Dirieryl lead
2nh C1C~ . '..'4

205. ;e ,2-Di(metho.,cywtny1 -1, 3-propzrnadio1 dimitrate
206.2-(Hdry.thyl)-2-(nothoxymethyl)-,3-propaiodioI trinitrate

207. PentLAerythritvu teroxtrate
208. 2,3,4.5,6-pentanitroaniLme

210. 2,21,4,',6-entanitrodiph- iy1 ctter

_2I1V1TtL



211. 2,2',4,i',6-Pantiuiitrcdiany 3nlfora
212. Ethyl r-rchlorate
213. Acetyl peioxide
214~. m~-Phwnylenediamina diperchiorate
i.,,5. ~-~ ~n4.lpicrate-
?5 . Picr4c acid
217. PicryJ. chloride
218. Pircryl f1morda
219. 1,2-Propanediol dinitmte
220. fPropyl nitrate
221. Pyridina parchiorato

* 222. Qubrachitol pentmAitrat.
223. Sucrose octanitrakts

225. ij-Lny1-l-(ritrocanIabgunyl)-1-ttrazens

227. J ,3,8,10-Tet.aa,6,12,13-tetroxacycottradcan-2,5-.dion.
228. 2-Hydroy-1,i, 3, 3-cycl ohemaiets tram tUs~ol pentanitrates
229. 2,2,6,6-T' vr.'kis~hydrozym'etby1)cycl.ohexanone tetranitrat4
230. 2-Hy~roiy-1, 1,3, 3-ey~r-opentttraiwthwnn1 'pentanitrata
231. 2,2,5S-TetrAki(ydre h1cycopentanone -tat'rliti
232. 2ft i(aitrafuro 77.1-13-opawdir& tra-zne
233. 2.3,t4,6-Ttranitroiniline
234.2,,,Tertoa ios-

236. 1,2,3,5-Tetranitrbenzene
237. 3,31-07di-1,2-propanediol tetraritrate

239 . 1,1,2, -Tetra*nttroethan

241. 1,3,6,8-Tetrnitrnapat""en
24~2. 2,4,6-Tetranitropho'io
V-43. N-Hethy-,2,3,I,6-pnaaitoaailin. I

244. N,2, 3,4, 6-penteni troaiinxe
245. -Nitro-1L,4 4,%-tatranitosobenzrns

24~7. 2,3,b,6-Tetranitrotouen.w
248. Tetrakis(2-hydroxyethyl)umioium pentanitrite
*20~. N, V I-iipi cry -2, 2-b is (Wa2, ,6- ttranlltiAaniow 4iatr) -1, 3-prop&" dinatrailne
250. 1- (A-ioguanyl)-1&-guanyl-l-tatrazena
251. IH-Tetrazole
252. 5-Azido,-1H-etrazole
253. Tetryl
25L. Triazezies

256. 3.3,6,6,9,9-lex mthyl-1,2,1h,5,7,8-haxoxac.7clononar
257. lioxaihydrc-l, 3, 5-trihydroxy-:--triaz in trinitrate
258. 1,2-Propanadiinitrawrne
259. 1.3-i'ropanediol diitate
260. 1,3-Popp-nedioi dip--rctorate3
261. 2 EBt-i,2-(hydroxynthyl)-1,3-propanedioI trlnitrat,.
262. 2-(Cal re~i-h1 !-2-(hydrorynrethy ) -1,3 -prcpancdliol trinitriate

264,. '-( Hydrox~z.athyl) -2-nitre-l * 3-propanediol trtiitrate
0u1IDIvTamL



c 2kLJ 139 (mcvtd)

260. 2,4,6-Trinitro-m-phnetidineI269. 3-Am no-2,46-trintrophw1
270. Picramide
271. 2,1 4 , 6 -1'~±nitz'oaaieo1e
272. 2A-;PTltt~dhanI273. 1,2,li-Trinitrobanzene

275 2,4,6-Trinitrobenzoic acidI276. 2'q4,6-TriiiitrObrny1 nitrate
277. 2,is,6 -Trinitro.m-cresol
278. N,N-Dimetbylp .crumide

12W0. 7,?, ?-Trinitro-7,.. 8-diiii tiroso-2-naphthoj.

j 82. 3-Ethyl-2. 2,3-trinfiraopentane
283A,1 . JjI4 'NS-TrizdtrOMe1ainf28T,. 2,14 ,-Trix~itx-onaetylene

1285. 2-Hethyl-2,.30-tj-initrobutane- 
--

-~286. -PMtylN-- 
-u' 

'ar-'- 
-;7=peylndimi

288. ?N-Motyl-N, 2,4,6-tetrani trom-pheneridin

* 292. R-Hethylpicramida
3293. 1, 3, 8 -Trinitronaphthalen,

j2914. 2,4,6 -Trin itropheneetole
11295. 2-C 2,4,6-T ±intro~henoxy')ethanMI iii t-te
4296. Picryl zz 1ce
S297. N-BuVI-N, 2,14,6-Tatranitroan11±n.
I298. 3-Ifl,2-, 4,6-Ttranitx'oanilino) -1, 2-propanediol di~n Itrate
*299. 2,4i,6-Triuii tro-m-phenylenediLrt--i-k-

I301. 2-Picrylathanol nitrate
k302. Picryluunidino
1303. PicrylhydrazineI304. N-atxy-N,2,4,6-toaiitroaniii,,

I 306. N,2 ,4 6 -Tetranitzoazdiline30 7 . 2-(? H,~? 14,-cy otr nitroa1 in.4, -oe t an t mLun l intt3 - r p ri d o atei t a
S309. Trinitroph1oro~ucinol
;310 -Stypkhnlc acid
j311. 2 2 -(2, Is, 6 -Trin itro -ra-lhuny loudiox.y) dietbanol dinitrate
5312. 2 ,4 6 -Trinitrostilberv __

j313. 2,L, 6 -?riuitrotoluen3
13114. ,, 4 iritaoun

317. Trio thanulamine tetraniitrato

-565 M14~TIA-1
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C-. TART, 1.39 (coat'd)

318. P.)I (-ni tro--X] n

- 324&. n-Propyl picrate
.325. Anl picrate

- - 326. 2 -F!-qFwi rVA-
.7 3?7 Nitxofo~rx

1-29. ~~b1 ,k ~ - ta~±
-330. 2 32,2-TrifltrCathfOI

- -31. 13-.b.s(2,2,2-trtito.tb)21urea
.32. Sthyr.oxxadiaie diaitrofois salt

-3 . lDntoN'*~drdtydu~tyai oxids

*~w -- 36 , w- Tif1uorO-3,5-4tflitroto1usa
337. Btl 2,2.2-triniU-~txlnLrLi
33&6. 5-Amino-IM-tstrazolo bydrate - .

339. 5-.hmno-.19-totrazol nitrate

3!. -Aaino-1H--tstrS8o]*
- ,343. 2,2 3.3-Tetranitrabutaw

-34: E, i- tv ai.(W-nitrorlhdM)
* 345.

-346 . Methylned~ntramnl d'ibydzraz~a at

*348. co.Astdo-N-nitroformaidini

350. S,NI44Mtby1.ng'bis(22,2-trinitroacatemide)

351. 2,-Dz~tofl ~ xd

-354. 5,5:.Lcraod!Htzi=aO1.
355. By-product f roe H~diu" syp~baes-
356. 2b1- !t~ophesr~
358. ~o1 5bant~fOd~~O i~at

359. 5-.xatrauino-M-tetraolin
360. AzIdoditidofor~i -- c=id.

* 361. Asidowuglouic scid
*362. Mum.i

363. p.,Uid.axilin* percblor,,At

365. Ca~rb~onyl azla.
366. p-Diazidabalzefli

* ~367. ,-!latttIJ
* ~36e. ,-f :&~rrn

M. ---
trobs-a



II 'A.V, 13F (C~nt'd)

374.. 1 2
,36 zAdiago

375. 5,7-Dirditro-1,,3-beixoxa~iazole-&,6-dioI
1 376e 5,7-Dinitro-1 2,3-bntoxadiazol---ol

-5irD tkhj1-4,6-dinitrO4-,2,3-bnzoxMdiazo1

-~ 379. 4,5,6,7-Teraio-1,2,3-bnvzcxidiazolAe

RAI - _J __tntoajjno)br?2Anadezoum mitrae - ~ w

383. 3,5-Dichro-2io dtobzen

3814. 1,2-Dinii-otan

-386. 2,6-Dwntropbeni .- - - - .-

387. 2,Z-Pinitropropme
388. 1,3:Dinitropo~ne ~

3I u- 2,6-Dinitrutoluen
391. 3,5-Dinitro-o-xy1'04 a

~I/nitrats
" 314 - 1924t.afleii'0 polaup dil l tritt

396. 2,3',. 1 L',6-Pentiait-rodiph.ny1 other

39. Sthywadiain diperchlorato
14i.,. i,-Propz:adtain. diparicblorateo

bf'. Azidoforwwvdlhe parcblorate
4.0~ 2-Yath3I-1,3-butmaedLamJna dip~rcW4.orato
4.04. 1-Jiapkithylamina percklorate

--A 06 J--
407. Di2uc~oeiaiz-~y.peroxide

40.Picryl 1ydrperuxide, 30&i NAlt-
a 5 . 1 .-. .w'Wlgl

4,IL0 231,5-Trinitrotoluena
I 14. 2,6-Trinitr-otoyene

1". 2,4p,6-Tro1--olane
6.14 3 45Trinitrvo-xyrvlnl - . ..

-41 Id (k (Nro1.iW- n-di-a-c*toni t-rila

418. 1-Hothy1-ntr urdn in

420. 1,1trDnitr-,0tarz&cm

1-Fwti-v1-3--trcgATridi-



4 124. 2 -tort - utoxyo thanol al trate

4~26. 1, l, e thw-2 -poawni trateo

48. maatutomt-t

429, Pentarythritol diacetat. dinitrat6
030. F naervuk~itoi df~aast .ilt,.t.

* 101. Pwitaerydtbritol lactate tetranIitx~te
)-,~32. Pontearythritol m=nitavbcnzoatg tr-initrata

* 1W3. Sorbitol ba'xanitrate
1 i34. 2,2,2-Trinirotinoxl nitrate

- 35. Auinoguianidine nitrate
* ij.36. uanylurea nitrate

-1437. Hyrdrovlarda nitr'atw

438. W-iWthyli oA'l--Wn nitrate
109. Piperazine dinitrate

* 1440. Succlinonitrils
41. Hao onitrile
1442. IDbrmo23d trobenztnie
443. 1-Bromo-2,&.dinitrobsnzene -

14l5. 3,:..Dindtrofal'icyclic acid
446. 1,3,5-Tribromo-1,14-iritribenaen.

* 447. 2 ,2 ',4,4I,6,6 1 -exanitroc,.oxytensao
448. 2,2A1,4,41i,6,6'-Emrnnitzobibenny1

451. 2,2',4,',6-Hexeit stilbrc

4i53. 2,2','-Ttranitrobntphonona
454. IC ~raUi.troreacrc1ino!
455. 2,4,5,"Tetraito-m-xyl~ne
.456. 5-2 tclr -2 4, --ri -u &a one
45~7. Banzene

4529. 1.-Xthyl-1,3-dtiitrooguanid4.i
* 160. FPezn riozconida

4~61. Biphanyl tetraosonid"
162. Naphthalenie diozonia
46t3. NN,N','-Tetrabiatylemadiamirne

465. l14-Dibromopiporasine
4i66. W,N-Vichloroformwaade
67. 2,3-Buimtaediol dintrate

L~68. 3-(Chloratno~rc-uri) -1. ?2-oxadi4rorciretaa-taI
469. (Chloratomreri) mercuricacetatdoded
470. MothylJwba(-itrosohydro..Il-rdn ) anhydrous sodium salt

1.73. dia1n-a(-± hdy~a~~ ~n~zgium sat.

147h. 1thlenebieCN-nitr sohydroxcy14v-ia) anhydrous cadmniumi eslt
475. Nothyloezeiw( N-nt trcoboydroxylcAine) dihydrtte cadbaiuz aalt
476. !,thyiiniio±,(N-.nitrosohydro1waan ) load salt

*477T. ?1tbylonebib;?-ntrocobydrox-ylains) bis (diethaaolaxine dinitraLte) aalt

-568-ENIA
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X 7~ euhyloeibiz(-n n.,trosoydoxyJztirs) nombydroxylaw"~ salt

h 8o. i-Mitrnap lwtn'

4,82. 1, 8-Dinronapht14i~lw

406. 1,- TatrF t r 'r,2,3 btopraweo- -rntr

8 -~7 1 ,38-Tetritronphthaons

4~89. 3- 2-1iydrozyotbicy)-1,2-!iopaneXQ1 t.nitrate
4 i90. 1-Hydroxy-5,51-zodi-kf-t,@t-r2.ol

492. 5,5' -B±8(i . bydrexy-1I-tn trazo2a)
493. 5,'5 1Bi-IH.-tetrato1.

4 L99. 1-Hy dro-5-iro-M-totrazolo
500. iyrx-~-~rzl-.m4*llnitrate
501. l-Hydroxy-llf-tatrazo1.I 502. 5-(2,h,6-triritoaino)-H-tetazuo

5o4. 5-( NAtrosoanin ) -1,2, b, f-triaoe-3-croxy1±n acid! 505. Biacutylenedicarboxylic acid
506. 2,6-Dinitro-p-ercs-o

1 507. m7Noalzs4a

509. P-Nitrcojbunol1 510. Pentanttr- r--ol
511i. Phsnvlhvdr-azfr.

1 522. (pIDatrop hAv hydrazine .

515. Nitrobenzons

516. Pentanitrobenzene
5'7. HaxanitrobnzwxAs

52.9. 2 -Ki Lro thiophene
520. 34lethYl,2-n5 troaOthiohene
521. 3-Mvihyl 2,4-diittrothiophene

S 52b. 3,4,5-,,.imino-,?,4,4M-triazoie
'25. Guanazole

528. 1,2,3-jrrJTsinog-uanidin6I 529. 1,2,3-Ti al nroguanidine dinitrat.
530. 1., 3-DMamncguarddina

3. ,-ftr minoguanidine nitr'ate
531 1, 369 AZJw



00?JiILMMUJL
TABIJ 1.39 (coat'd).

532. Oxalic acid, mollohydrains salt
533. -OxaJlic acid, bisi(hydiroxylamile) salt
534~. J)xali acid. u b*i salt
535. oxalic acid, smiruruiadine salt
536. Carbiohydrazide
5.37. Oxal-Icaci~d, moao cart ohydraz ide salt
538. 1 4u-bylcarboydras ids
539. 1,5-Dicarbanylcarbohydrazide

-540. 2,'4-Diain-a -triaz iris
541. NN'-Bi(athyl carbonate)
542. Diurua ai
44j. UUuazAdinooxauic ai
Sisi. 5-hmincI-1, 2,k,1H .triazola-3-cartboWyic acid
54S5. 1,2, .3-Trlan ogu~odne mcmby rchlnrido
546. 2,-la o6zeiy-ti ii diaiitrat'
547. Totrawr~dro-1, 3,5,7-t4tr.±rninOg-triazolot8] - triuola
54KB 2, b-Digninidino--triazine dinitrate.
54~9. cyawaric trihydrazid.
550. -( vaxituu±andine
551. Pio1aaj-ne
552. Oxalic dihydrazide
-553.0 Ooie
5 4 . Cyanuric acid
555. 6-xitrariiis-s-tiazin-2,&-dio1 --

556. va-Kitrotaluna
'557. -- Nitrovlmnoi
556. zm-Nitropherol
559. a-Nitrophonet-ole-
5:0. o-Nitraphanutoe
561. p-N~ttr-;ph~no tcle

564: c'-Ntroscotgn~1ids -

565. rn-Nl .roace tazilie

567. 1,1,1-?ririitroethaie
568. 2 ,4-Dinitropherotole
569. 1,12-TrinitrethiAre
570. 2 -?ohl233tidrpn.rc
571.. Picraric acid
572. p-Wi trobeasadtyde
573. 1 ,2,6-HszAntrlol trinitratow

575. h h-finitrvopiamelin acid
576.. 1,1,3Tetranitropropaufl
577. 5,5i5-rini.tro-2--p-zanone
578. Methyl I4,4,4-trinitrobutyrate
579. 1,1),1-Trinitro-2propar-al acetate

582.

583. Dliethyl (2,2,2-tiitrothyi n~alOnate3

58.NAr'-Bia(2,2,2..trfLitroethyl -1,-p4ipra'.ifladic*boxudd

585.~zTW
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586. Guiidiuacet4j u.jid
587. Euiylux-olk

_591. Hyraob-za
592. Tet apbonylhLdraiu -

-593. tiz4taina
594&. 1,3-Dlitmriztoid.r~a
lop95 .C. ktong
596. 3 3'-L-Q*i ,.zw ) dipropicairi'

599. 2-(2-Uitrovlnyl)fiirAn

601. 2- (2.J.&-Dinitropbs oyl)-5-rdtrom-2H-bmotA3Ole
602., w~Diitrolouons
-603. N-C 2,Is-Dinitrophny~ditha1o~lor

~605:. 2-2,k4-DIitroa-a1ino)- -pr ioaat 1-13prol ~ d
606. 2 -2,-Mntt.nJili 1.I-propsridio1ta
-607. - -0lnim* l

610.* 1,-P cr7diol2-An itrat 1-(5-ntpo-2-- -t

- 1 -X tti.yl1,5-d~iiita-e-2-tumziido
613. N, H I-Dim tbyloximido
614.. I-mohylalcoAdidas

617. Xitxoothn

619. 2-litoproPLUS ~ .-

622 *1,2. .4 2-Mydroytrntkthl vi.)biu3-mitrcoauiiiiu) kk1i imt.

626 * 2 allyro .tiyl)-2-Cropoxyin~tbyl)-, 3-proanadol trinltrat*,

625. nitrate
66 -ydr -'.'-J'-*th .--) - '.-~pxyth---- roaeio rnir

* o.. 2,L4-Bi3utllodiO1 y)IIprp~d dinitrata

*639. St,wl 4,4,4-trixobutyra to
630. -Eltr-3-',3-ciliyd~ropy~QuaFdi1!%!JJiLatc

-,umidr ni.L.t

63 .4etido nta



C- Ua.Bi; 1.39 (cQnt 'd.)

6La0. Dinitroform, dioxaae addition comound
641. 5,5, 5-Trii~ro-2-pentanone N-nitroguanylhydrazorw

-6443. 
2 2- nitro-1-propno! acrya ~_ _

6Ud. M'.hy1 nitro6acetate
6)45. P. 5-Hexanodiol diinitrate

64.Diethyl 3-kydroxyglutarata nitrate
6"V0 !..-etaero tr~nnit -At

* 6149. I'2-Buts.uediol dinitrate
* 650.'.: l,'5-Dlflitro-2,.3-dinitraobnzens, potA s3m a

61 l,4-DIudtr*,-2s3-butandioI dinitrate
62 3j3-Dinitro-1,5-pontanu, diisoc;.iuat.

65,j. 2 p 2 ,4,[&-Tetrani tro-..butarol acetate
*654. 3,3-Diitro-1,5-ptltanediahine
- 655. flethyl l,l,6, 6 -tet-ranitroc~proate

656. 2 2 ,2-Trinitroetano2 methscrylate
*657. 2 ,2,4,I,-? anitro-1,..pentamwdio
- 658. 2-14i trami- -2-imidaoins2,

659. 2-Ni tr-aaino-1-rpitro-2-iuid.tzol. - -

660. 1 ,,-arhdo2ntaioyidn
661. N-Xitroethylensiriir.a &~~~i.

--- -- 662. 2, 16 -flue thyl -3, 6, 9, 12,15-pe n-t-aitro -3, 6. 9,1?2 15 -pentajwvgtadeca -2,16

Z - ~63.- 2 ;13-Dmtyl3691-tatraujtr..3, 6 ,,2-tetrzatetr4*cal _ .,J-
* dicarboritrile

666. 2-Nitropropen. polymer
-- 667. l--Vthyl-3-nitrognidi,

* - 668' l-Sitro-3-p'pyguanidina

670. I-Amyl-3-nitroguAnidine
* s 671. Guanidine

672. Fyridnr -

* 67J.- Ethyl acate -

p 676. N-llitrosodiphenylaidjya
V-I . 1,5-iiahyl-l-tetrazo1.

-678. l--P Inyi-1H-tatrazole
*679. 5 -,h',I yI-1H-t.4trazole

*680. 5-jty--l~nl!-eazl

682. l,5-Diphanyl-.lH-retrazole
663. 2,5-Diphenyl.?21--ttrazole

*6,9. 2-i'henyI-2H..-te trazole-5-cazioxylic acid
68".. Ethyl N.-I-!;etrazol-S-ycarbirnate
687. ?i-IH-tetrazol-5-ylacetajucI
688, lH-Tetrazol-5-ylguanidins

-690. Beazldehyde, IR-t .trazoi -~ylhydrazone

-572- OI DNI-



TC RT R 1,3 9 (contt d)

66'1. L- 1ycf*!iuexl dwisb.s( 2,6-dini tropano2)

I 69'3* 2,21-Hydrazodiisobutyronitrile-- - -

694. ACcvi( 1,2-dipn-anhydra-zd.
S 6,75. NdI'-Biacat~nlfd*&-] 696. WXN-Bibenmamids

697. Halonic dibydrazide
62.Succinic dihydrazide

-5-3



SECTION XVIi

of EMlosivec; C~ undq and Mixt'ures

A. Abstract "

A previously developed method for the' calcul.stion of the i£pIde-

",,. ., a-! _-~NM ;...s - -1~rta I' -. rit~c-1&tion o' rniar
.igh eWlosivo$, relative to TNT. The success of this method is indi-

cated by th correlation -Jlevod butwewo the ualuulated power (OiT) .a ...
the meaalled baillati mortar vnl'i e for 1-1 pure compouwds 56 mixtures
of orginic 'explosives and 30 mixtures of explosives contaiing metals. In
the case of the pure comoucee, the average deviation is +1.6 while the
standard deviation is 6.7. Tn the caise o

e the mixture calculations, the
averagu deviation is +0.1 w.ilu the isai-.Mxrd deviaLion is 5.8. Coer6Lpond-
ing figures for the metallized mixtures are -0.8 for average id -7.8 for
stan4-deviations.

* *- By using the systex described in -Section XVI for calculating the

heat of combustion, bnd the method described here for calculating nRl, it -

.. ..- ;Is possible to evaluate a pure conrond or mi£xture, as to power, by a few

- -- lecaluletOn~e x ~ i the zecegsity -for me~inw and teting~ the com-
poun~d.

B. Tnt'oduction

Tnis ze--ion dtzcribet a .. ,liied -.ethcd for calculating the
power of a high'-explosive (pure coqnound or mixture) from thmodyr.amic
data which j1ins reieult- beex-ing a direct, YiruaUL3YM.a4uivalent, relation
to the power of the oxplosive ,as measured in the ballistic mortar and the
ncv-type spherical lead block. Power as used here+and as measured in the

all- sListic mortar is that force exerciced by an expLosive burrig in an
ercosod space, large enough only to contain the explosive. Thus, it is
tnergy developed at virtually constant volume. AL thermodynamic data are

* therefori refwr'.a Conntnt v- -

Calculation of the PV work prodoct (F - nRT) according to the aim-
.pll'iad procedure of irachfe.der -- hnan uaad for propUant pouders for

............ oe tim- (10). Thne applicMaoi of thie Maa Mathod to 8o ,losiveh has ban
described briefly (6). This presentation extends the calculations and dta"
presented previously. Calculations of a large ramber oix pure compounds,

= mixure& of organic com pounds and metallic mixtures indicate the value of
this method as a tool for quickly evaluating the power of an ewp,:siva.

In this method, one hundred times the quotient of the calculated

- narc€divided by the'energy of an equal weight of TNT.expresses the power
of the eWplooive in t~rms of per = _

-575- Arthur 1). Litt!e I-U--

'I
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Provinus simplified =thods employed in the calculrtiun of power
of high eaplosivas have assumed an overall specific heat for the probirt
Vases formea in the detonation (C).. The syst&m described in this report,
by applying the Hirachfelder method ol.calc .at.ng temps.atura, takc into
aceot th: 'a.iation !a apecific hect-ior th vmrlous-product gases formed

L over the particular temeraturf rang' involved. Thua it I. believed that
- iplocion-tanaeratures caialated in the method described in this reprt

ire eomewhat mre realistio, although it is not claimed that they arm the
true values, since they do not take irk.o account the dissociation of the..... ic taken .4fle ccO

--- at _ a .. renction-p-ducts uhitch -are ta. into
governeod by the assuotiors stated on page 580.

.it ja alzu musciblo ro correlate the nR'e values obtainou with those
meacured in the new type apherical lead block, & teat method which is to be
described in a fortheo..ing report,," This corrlation :jj lio 1 TabXi*1JA7
and briefly discussed.

One method for calculating power of high explosive used in the past
was the so-called "charcterietic product' (Berthelot) which gave power as

I -. per coat 31by tha fQcrjul

P' (% TNT) 0o.003594 M*H

a 4z !"42.b? moles vf jiu per kg. oi a4'!ioiv

|- ""heat of explosion in kcal/kg.," -L i

This vsten: has bean applied to a rumber of compounds and cxtur2S
- (L, ). Cu7'3rison of results by tho nR.T and Uerthvlot bamthods of calcu1a-

tion Lzamd dltinct adventagee of the former aa given in the following:

nhT; e Iytal orthalot SystM, __

1) Correlates observ-d ballistic I) Correlates calcnulat.e.-velue-a
_ -Mrtar rower valza s_-.'Ith ai- - with ODS d iad block values

culated valuea on a-45-line, -on a straight lilne, not WL .
. thus giving identiciLl figu'eu. 'Figure 

6
,4 Reference C5)). and

-(5ne Y'£ase " 0, 8 and 82. with ballistic mortar on R
- curved line (Figure 57?. hefs!-ce

2) Applicable to primary end 2) The aau correlations do not
seconda7-- plosonhores, Ruxo- Anply to mixtures vielding
plosives, Rnd mixtui-s irciud- prodcts partly :,un-gazreoua;
Ing those containing metallic i.ea, metallized m_-turan.
elenents. (Figure %6 Reference (5)).

CciW -tI' Tl AL

- -5Th- af+, , ttle, lrc.

S

e*



•cO :ID 2~IAj . " --

rdiT 4'atnm Berthelot Syatem '

1 3) Includes calculatiun of a 3) No temperature aalculated.

a tum-ratiincesiry-wihan
gas diego. L ion in considered.

I 4) R sultz of power calculdtion are h) le.ulto are co=a xkatdve only.I capable of being 6xvreesed In
_- - ingfu! unit, b1et . '

A sei- ea of tne Berthelot calcbletions have been nade and conAred
with the obsor' d Salliatic Mortar values (k). Although there was no

" dire;t, straight-line relationship show , it was possible to forMuLite an
l ai tiAed curve.

C. Discussion

The simplifiod system preuented here in based uron the detoerina.
t!on of the pV work product or the glases of detonation. The coewrn expre?

" j ion for this work prodict lei pV nu, her, written as

* where F is the universal gas constant (1.987 cal/*K/mole), T is thie adiabatic
flu= tt, aratura, OK, and Ln is the rzmber nf molas of gas forred from one

mole of explosive-. Thm pgrameer, xn, is oblAi,,d 'y writing thc detonatiox-.
* equation. The. rlame temporature, T, iet be estima.ted from the equation

T 298 x I-'

I vn@ Q is the heat of explosion at constant volune in kcal/mole, n is the
moles ieaoh gas formad; , C ie tho avcr-ge heat capscity in cal/!ole of
each gas, at constant volum. er thr range 295 to 7. This Lmerturo, T,
is actually obtained by a process of itertLion, ubinW the snecific heat
valueb tabulate, (Tabla.l4SI= 1ExamIcs of detailed calculationz are ive- - -

* t -- in -jbscctlon D balow. .

SThe eubmiltution of appejnriate cuantities jor an and T in enuatlon
(1) gives a value, which when dividcd by a corresponding value for TIT,
results In A nou, for the ex !oeie, mi t, uf TNT, w-c!h conau-B directly
with obzerved h*ilistic mortar and spherical lead block mas-ren-nts. -

It i fully i -, _, 4s~'.i t In this very apin"' _ -f c--!.
..... : r h-v r uit swieral factors, among which a:.-th cssi-

bility of dissociat±v of the prouct a&oee, the etfect of '(the ratios of

CONFID?2h1-11AL
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-Dissociation of the rofduct gases would 'eu3lt in hn inurease in
%n and a corresponding decrease in the adiabatic flame tezieraturo, thus
ccunterJalincing) at-ilsa to e' extent, the effects described.

It can be shown that in a siMpified byetem such as this, ,y.a
little effect uDon the final relative values. This is du, to the fact that
for all practical purposes onrl diatonic and triatonic, guee6' are produced
i- the detonation. A review of some of the iwre t-yic l'jhik vlobivuz
reveals that,'varies over an extremely small range, (Talle l4O) thus making
a refined treatment of this parameter unnaccueary in a ityatam whbre only
relativ6 values are involved. .

Tablo LsO
.Atio of Specific Heats, y-, for Product Gawsa

for Selected itgh Eploasives
CQ"Usp (ror Prvdact

apves'I 2Q861

2. -2-tu u b .... .. . 1.36

-37 -- zs gljul axilte - -

208 2; 3h; 6.@.pr Zni tmran 1-'-

216 Piero acid 139

233 2, 3, 4, 6-Tetra~nitrasar 1.

2.LO Tftjeafitramthan Im1

313 2, 4, 6-Trin trotalarAn !40
328 MNst* na a l -traami, M'DA 1.35

I- -. im 2- 2- 2iv n #.l 13

*30i 2. 2, 3, 3-T-0Uwdtrobutaris 1.36

1.37

!;vef at -C&Mb tew-watuiva, aud ths liower r(Sa, the ?viat±Qn iro
an a&er value is very -- I.

The heats of conaustion used in thesc calculations wore obtained

vse of calcilated in tlace of obterved heats of combustion g~ve nRT values
which correlated better with the observed ballistic mortar values. The

-576- Arthur D. Little, inc.
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CIpecific k1a-tg. C /C and£1 dariatiana from the uerfact-gaa lawr.

Di~sociation of the rriduct gases would rebelt in an increase in
in and a corresponding decrease in the adiabatic flame te~werature, thus
counterbalarxinF, at laA--t i "sL,%e extont, the effects described.

It can be shown that in a simplified system such a. this, ya
little affect upon the fin"l relative valuez. Thio -is due, to the fact that
for all practic&I purroses oalydiatomic an4 triatonic gqve' are produced

-ii-, the detonation. A revitsw of soine of the ioved typical U& %ploviven
reveals thatrverise over an axtre-mely =uLL1 range, (Tale l4d) thus making
a refined treatment of this parameter unnscacsary in a i'yatam wbr ozy
relative valuesar£xe jinvolved"

Tabla 340O
FAtio of Speciric Heata, y-, for Product Gase

for Selected High iplaie
4WO-UND for P'roduct

Gaves. 2080

22 ±437

35 1fletbanolnitranme dinitzat 1,636

37- Djitiqlara &3,yvl-dL&t -to - 0~8

20 2.3 .56-Paatnitronrni 1n-46

216 Pieria acid 1.39

.313 2,4,6.-nrinitrotolan 1.40

328 Mtkv~ra4.drty±rw, HH&N 1.35
331 1. 3rim 2;21;3i~itrmt~lln

337 Bia(2,2,2-tr-initroett'l)nitraiu, Ha _ 1.37
343 2;2,3,3-TttrobtrAm 1.36

1.37

Xv,, at W~h tetW .atues, and tiawa iwdipr Ylo tine doriation ft'oe

an rnmzo 'value is v'ery ea1l.

The heatl al of'omb1ution used in t .es: calculations were obtsiined

Use of calcuilated in L .ace of obiierved heats of com~bustion g-ive nHT values
which correlated b~tter with the observed ha.liotic mortar values, The

-578-Arthur U. Little, Inc.
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observed heats of c.imbustion were umed in the calculations sowon in the
original oreseMtation of this method (6),

nther tbervnodinaric data use 'were drived.- from OZR Report-54I
(10), the Ota'eau of Standard Tablo" (7)* n the open literature (2, 9, 12,
12). Those data, an used in these calcalationsb are given in Tabu lU.,
W4L2 and 1J~9.

Table 141 gives the onergy values required for co-~tina H.0licuid-
to FAQ gaz and ho-tz of combuetl.oz to heats of axplooiiw..

Tljrmoynq-amic Date~ for Solectud Ptactioiio

________~ Volum

H20 (U-q.) - il (gas) 10.5Ws 9.927 kz1/ua
C Cs .. m, 91s.C2 93.460_

OD 0.50C6 ON 67*636 67J34

1~050- OJ: 02a 57493 57,502

Elbfereaoa (7)

Tabl. WJ~ &±w~m the beeta or Cmaudtion and heats of fusiion and
V&POK1SAtio far the mtalb AE4 t~ir 00 eapoz4"~ 04daq eMtkrig irato

7*wot Aaah Dat~a for aslowtsd Hotal"
UAm~ their. OortgA"Ozvtk1' Oxidev

Ai 19.54se 2.-6 ~/ 6. 70.5U.

alOC6 2.6/ 65;.6 2 91,6 2 3L

a5110 ~/97.2/ 2823 _!

04 3-30 ~/ 2A S 31.5 V! 33.7 139"~
-* - "0.5 W 1QQ,7. _d 1i9. 362.3e-1

deuhreau of StandarGa volis. (7); V/Ma&-CWkj _C/ Rat1mat-Od *Va; Oriws at 2073-9

-579- Arhur Do itteInc.
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In Table 119 are given the specific heLte at constant volume, for
10'K intervals, for- the assumed nroducts of detonation. In extending these
secific heatt !-*i Lu 7OO0.FK it is fully realized that such extrapolation
of data, infrequently measured for turierturaeabove 2000K, is at best
guczs-ork, b.ut the lack of data, adticulsrly for the matal rxideas forced
such extravolations. It zhould be noted that in onite of these considerable
extrapolations, the degree of accuracy attained in the final valut;P (S TNT)
Is good and appears to be in no way related to the temperature range Involved,
at ieani Up to 50OO'F.

Finally, in niakin tj -se o lculationl, it was neesstav y to make
.certain as~ucption as to the pmrducts o1. detQolation. These 4auwtions

I. The oigen present iA.usedfiflrt to burn the carbon tu CO,
then the hydragan to H2O, and fivality the CO to COa. This .follows the
Kistiakowsy-Wilson assumption.

2. If a metal is present, At is oxidized full before any CO is
for-d

S..3. Any free carbon remaining unburncd is cor3iered a solid and
is, therefore, not added into the number of mol os of gas formed.

4. The metal oxidol'assumead to be for-mrd re-eain saoid uleas the
-calculated adiabatic flat:o termoratura excead5 the bo-ling point of the
oxide. If the boiling point is exceeded,, the heat necesesry to vaporize
the c'iantity of oxide is subtracted from the heat of explosion and the
adiabatic flAna tai.eratu i , e i'-latd. Thie Waa eault in F calcuiatej
tei'.erature lose than thc boi ing point, indicating that only p:;_t of the
oxide is vaporized.

The acciracv of this method of ca~cer~iit4nn of . 4. illuetrated
in Figures 80, 81 and 82 which show the direct relationship between calcu-
lated power and observed ballistic mortar values for I1 pure com4pounds,
56 organic mixtures and 30 metallized mixtures. Applying simple statistical
methods to t ese data, it mAy be shown that tha average deviation of the
obca~zv sd fthe ca. ulatad is tl.6 for -the pti-a cpoUnds (Climinmting 6

s di sdusbed' below), 4O.1 for the organic m xtures and.-0. for the metal-
lized mixtures. The ataruiaed (ruot-u ai saquaro) dvietiois, from the. mean,
are 6.7 for the oure c-ympouinds, 5. for the organic r.4xture and 7.8 for the
met llizud ilix rue. - -

Fiiure 83, drawn to show the statistical scatterinre for the pure
coarmounds, aixturus and metallized mixtures, indicate that-theas scatte.'inqs
are generally nortmal. This leads to the conclision that .he devistinnlr ar0
-,a largely to vercnial e.r,.s -nd arotho+,,ore nut inhAbrent in the svstu
or in the coraxmnds."

Thw euw-.rized reutaits of t-.'a au .*lta =_ i in ?abl a las13
I", and 116. B-1lstic mortar- data waro taken from Parte I and Ill of tds
series 0, 5). CONFIDUNTIAL

Ayhur U. Litt.e, Inc.
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SECURITY NDRMATIOU

METALLIZED~
0

w MIXTURES

-A0 +30 +0 + d-20

C2 E Vlf*rIOt FROM THE MNk -

c-l I RGANIC XTRS

440 .1,30 f r. 41 -10 -20

DEVIATION FRQIN THE ME~AN

0A

a

44 4 20 +;0 0 .- 10 -20 -50

(UEVIA710N FROM THE MEAN~

FiGUNE IdS

S7',Tf~CA !flVR!8UlI0l OF DEFVIATIO)NS FROM TH4E MEAN

GOMPAFRINU UALL13-fIU -MOifAR AN'D n HT FOR E X PLOSIVE
SUBSTANCES
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156.4 409 1%9 -7

ivd 42 5.7 11K.6 Ueo 55 17. 17 z.6

a- 191.2 7.'17. 136 *

70//7 .. '. -5.t~n~ 7017 *so 151- w

To'. AW8//A4. Ul._I157 .. lii -AJ.. 35Y.9 %6.4 OSN L42 133 Y

t.-~ .C.7.7 _. -. 7

ij3.1. L66-3

AS t-66130Iii.6
1. "s 26

*105.2 36 16U .10
rm ew ta=A? "~ -WSL- -66.2 X144 15L.3 195 1I4 155 - 1

Im. Q L$65/&7 .. 9 1.%6 5.01 Od
10. ( 3

=17%T/2 k 4i1.444Z 0 "lid -55.S' )79.4 'AAAO JS1J 117 27 1 0
U. 18..? 126 15a.6

47A/L.9/ "li .00.7. 517.6 i1.9 1144 lo2 159 -U
6"' 117.5 39? 1.12 .

-I10.1A, -. ?. 395.9 1289 'ASO M~ 12 i

..1'. -73-L 29.b 150.9 65.51 17. II 1 .2 I

-1.1d -?a.1 j a9.0 116.P 4 ko0 77. 701 '1
0,0, vu 50.2 1575 65

1. 0,0, .7.1 17.1;
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1. Organic CUorounds

It will be noted that of the III Virc co:vunds given In Tabl-- i3
only six ceisplay devi~tions feum the mean greatar thejl uu or nli~uv 18, that
is about thy-ee timias tho rtandard deviation wh-'ch is nom -nly considdrecd to
Include 99% of the deviation due to cha~nce. fliese mir which -ra excludcd
from the stistical anu)ylys, arp corewounA 135 l,7 jo, al)

.-,n 32',% u. .t.aee are smu.."d in Linl- 1v -.

.able i6
Pu~re C5curidF nojnpe~e Lbtferiunree3 Betwe~en Observed

Balstt ?,ortur and Calculated nk3 V'alups

No, N-ce 0.S. CaJ~c. i±.'4. 0ev.

--26 -2,6Tiir-,6-raaetL -56.7 82 120- -8

71 2,A-Djatr-ophenol - -Th.? 75 5 - -23

135 1,-t~r~r ~- .31 11 76 -21

1.36 Heaonattoathane, + *1 2.7 75 loj' +33

240i Totranitroata e 589. log -0 51

327 ?Vitroform *37.1 90 125 +35

Of thcc otund, the larre negative deviatioie for rz'bers 71 and 135 may
psilbeexcleined th 2tti hs eentactually the c'i-ud

regasvrad or parhaps &von that thev did not detonaite coeipletely in thn1- ba22ib-
t ic mortar& Coroojr-da 136, 240 and, 327 have large pobitive. oxyi~di liances,
+h2.7, +L9.0 and +37.1, raspectively. a fact which -41 an rr for
the :ize jozUUve discrepancies found, for it ay be reasonably zoumad that
the excess oxygen rea-te with the dcitonator which itasoJJ has a negative
oxygen belan=cc. This vxclanation has beer butaitanti,ted by two recent hAlils-
tic mortair measurecnonts niada by the HKruzu of !.inet-. TetranitromethAne 260),
and b.Is(trinitroethyltrinitrain (i.J: - 37 wero rnowaarad using in place

-of the usual electric d.-tonator, a noi f; ? . 6- type detonator free ct' a
con'tible cal. T7he erplosivo Ch.rg, ',f tiu detonator consisted of' 0. 2 ,
gram of t"2TJ bass chai-~e, anid 0,hl tx-an c: ( Y-25 DfINF-KCel0. primar-y chare.

~WF i:Ti AL

Arthur Di. Uit-Ie, inc.
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The ba3litic no-rtar value for TNM was thereby reduced front 141 U! 109% WTU .
* for !WOX from 155 to 139% TNT. Thus the doviatin between measured and cal.-
culeted power ior nu., tne onLy otner coound of high positi/e oLygen
balance,. was reduced to +13, or within the range of accepted arror. Th-

ligm dif4ffrence stil- e.st-ing between the mea'iral and ca,lcu2ot.d values
for -MA --y well be explained by other thermooynawiL chsracteristics of
this liaterial (see page L76). The deviation of 38 foi co.Vpoun4 zaaber 26
c'An rot be explained except t &tWta3-hat there :Ls the noaaibiliLtv that the
compound meacured was not whiAt it was thoughb to be.

Although it doet not appear w-rr-nted to n&e)- any generalizations
ricrnfl~a r~atnrbtaa ~ ~ fi nd .v~le Andtet. .

" probable daZree of purlty of the ioaround or the accaracy or =4airement,
it should be pointed (ut that de¢iations between rmas'red and calculatod
values are at a rdnizim for comrounds which are best known and henre
rrobably moot nearly puro. Aong ouch comounda are h .M ('22), PRDX (23),
ethyl nitrate (102). trglycorin (161). ziitroncthane (165), PTN (207,1
picric ealid (216),. Tetryl. C2~3) and MEDIRA (326).

2. Explosives ixtures-

a An even bettor i.orrelation is indicated for the organic -ixturer,
as shown in Table li( 4nd Figure 81. This nay be due to the factthpt the

mnixtures are generafly made uv of the more corbon, and hence better
evaluated, corounds auch as TNT, U1i T'ETN and EMtA. As in t"n caze of
Dura cam da.. therermwY be -.an the effect of positive oxy.gen balance
(M4-)10, 411 and 11)uon the baliaticmortr value .

in rIgure 804, there are piotted the measured and calculated values

--for a oeric:z of 0£cIotrls (RDX/TNT). .Thinfigure. illustrcts one of the
uses this calcuation ayatm has. that is, an independent chack on observed
values. )4ere it appear& that thereare. discernatle errors in'the measured
values for there is no explanation for the rather erratic behavior indicated
in the range of 4O to 65% RDX (M-h41, W42 and 4L3). Uther, it is to be
expected that the prwer of this mixture increases as the per cent of -11

is incraased as sh vu by the calcalated powers.

3. metallized Mixtres

. The calculation of metallized i.iituiree inu tturded by A=ded

* -d6cmlicatioti, including gross assurrtiona a to the produrti4 .ormetd,
whether the inorgitnic oxides assuried to be formed a - ta ata e :,r solid, wid
finally a general insufficiency of thermodynamric data. As pointed out
previously, tho metals were aasumed to oxidize c6miotely (i.e.., to AJ20,

130 M. A2_1 ca.lat.ona . ee ris For both aclid and geaeou" rt
a
t

oxid.s and .s will be sedn in Table 145 and Fluai's 52, the uorrunortling
"-olid" and "gaaeous" vAluea generally lie aDor and below the line,

a-- -y - * X-*-a, it t a --.. • i -e - lUL . e.. .. .

-,LQ- A.-thir . little; 7no.
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Ithe ;Olid' and, "caseovi" -lzz.Ti =3 abon it fy Lbo -.. averaLe
dv-L~t-'. ahwn ha tm_ 4aaldo nd gacuu" fgL~~s reconsidered

Beeautte of the sssk mptioaii vwhich had to be niade and b~ociuo skx
*of the te~vratt'res ealculsbLed ame apwantly out of the range iih can~
jha hrAviAA F' +I. b..-- =-- z. 10 .L.~ie t

*the calculated taaxertuarma and ono.,Los for uPatallized eixburm rerroxnt
3-ca aiar hwrogae l of the eaerelative oruer

*of maaitudo an neamuro-d by the. ballisetico ortand twe inc rperical load
block. (Td.Lg~z !L and 147'.

?hare is aove4 reason to ball eve that the power values foA' %&tal-

li hd dires as Pvesured in the balliatic mortar and load Luock to date

I may be uoaewhat in oro- as illustrated by Figure 85. There it isl shown
Ithat the ballistic mortar ad cylindrical 1@44 141ock maaaento for a

aa~eas or Tritonals (2'IT/Al) disagree as to the optim per cont of alunn-.na,
- Atht~a ~ ~ ~ cU. U ClaVed pvariv areSe*

what lower tha n patedrrer;6 Lit ag-cin thOr4 i5 gaa46,Cl a~ez beueen
Ithe vbperyed balliJstic mortar and calculated ontT as to the peak and tha
overall sh&Vo of thei curve.

j 5±nco It is g~norally believed that ,he balli1stic xortar and theA
x p~wrlval laad block moavire_ 0hnck portor, - cnrazzo tO bJ.51t nower, the
uA4 of thae tWo te MM methods, and hosie the nRT calculaition aathc'd, cannot

I ai consideroad as a final &awn of eva tinlg mtalliuwd vaplozivef. -

Li. Co.icvlatiop oZ Sp~herical Lead Blocki Ieasraents arid nRtT

The, nier type' uphrlcal lead block wili-be discusued in detail in
a forthco~ing repoi-t. It is mufficient to point out hare that results are

he power msurmaant, rs~nilting fro-., the bpvk-ca1 lead block correlate
d irectly witho n ahculbtons arnihrefen - als arieirie bapantio fowr th

* alu.ie' hiv is CiWjM in Table 104.

J Taking all1 the values given In Table, 104, the average deviatfon
lacalculatad to htt tO.1 -und th-j 2tandard dcvi rtion 4.9. Thoti tzie uorlitla-

tion (iro'Ilceted to date on twenty-nine coevour~d) of calculated rIiT .-tt~h
j nohericad lead block ziA~~h -o its~ w ith ballistic Pu ori.ax

.1:'T4 .' AV

Arthur D, Little, Irtc.
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I Table 10~
Corrolmicns. Lie6,ee Calcul~ated rdiqT and 5S~rerlcal Lepid Koack Meov.Ureenrts

Power, % IT

-, xolnh-ve Ccorffmound or ?Xixturfo (;&ac. Block Dev.1I5.!'.

pueCort-ounda

22 H3 51- - 1  50

? 3 R)x 152 19.3 115,0
13?- Ni trovu.;ni dine 9 90+ IL~j
253 T u Lryl 127 124 3 1130
310 S nv hnic acid 103 100 1 lnS
31l3 2tL, 6-~ri n it ro tolu or) 100 100 0 1100
328 Methye nedi n it ra.7i it, MEfDINA 158 155 -3 '15L
337 Bi(22 -rfi ~~~iLhx~o OX 125-S 128 +3 139
3La2 5-Ami -1H-ted~rfzol* 96 rn.d. --
3')2 Hydrazine nitrate 122 121 -1 -

956 I-Amino-)-nl trouanidl no '

~'KH/7%T 15? 16i +8 -

B)/?,77/23 IV, 153 -3 -

4OX/TiT 81.*8/18.? 10~ 153 5
mrA~jAbt,- 80/20 (cast) 151 -1

?A/'T/rLy, 80/10/10 153 117 - 6j
MEDINhA.'?'tri-yl, 81)/20 i5,- 152 - II
YEINA/StyphnIc acid 11,9 .1,51-
1% /Ydratitte nitrat.-, L~~*

'~ 1/~b79130 14~ - 6

11futallized Explosives tt

soX2H.alid 61 59 -2 -

gas5 60 - 1
Tornex I I, RDX/'rT/Aa. L12/)10/l8 8aoltd !-I1LL +l~ 3 13):

- jta 132 +12
.Torii IIA/traguanlino, 61.17/A883 bolid 139 131 .- 8

ga 126 +5
Tore sI~tLif~~~dn,79A2O olid US~ 134 -11 -

Aliuwized MaDINA1iUL. XElDNA/TJhT/A1, 76/19/5 solid 15 !5? - is
gas, 152

72/110-V2 Eold 160 157 - 3 -

gas 153 46
68,1 /)5 solid 163 163 0

g~as 15L

4f Nv-tky spheriuda 1e.,A% block.

-55-Arthur P. LiAttl, - L.;
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5. Aplicn'Aoti to Neio Co;-noundri and Mixt~trem

it 4s beie ved,, tiowevor, that this aimplfiUd ira~sm hits a mtore
inmortant application in predLctinm' the relative power of pure conpolindB or
maixtures a3 they woild be mea3Lred y the ballistico martnar. A mu4bbr of new

-unuattal corr-,ouinds end nixtures *-hich havo booen propoacd az high &-nios±eec
ive cencalulaed.A f~ t,Icjal ones are given in Table LB'to illus-

Lrate the application of the method for calculating hests of cornbustion
Pee,2 11 Aw-Li auu 4,Lug puwul maw&tv ..,. A

Table ALB
Proxierties of Selected ~HI-Unerg- Comnounds

Cal -'2ated

Nam~e OP. ~ l~ Cb

5-Trinitrcethyl-lH-tetrzo.e 4l.'i.0 267.7 267.7 6ct7 164~

1,- 1,,?,2-Tet-aitruethylbis(5-azo- -. 3 L- 670.5 603.1 981A9 168
2M~tetruzoUc)

*1, ll,6,6,6iHaxanitro-2,1 h- 0.0 698.0 69(1.0 7390 18,6
hexadjyne

1, 1 l,,,4-Hexan~t.,o-2-butyna +19.8 655.0 655.0 7750 188

it is revogiiied that none of the cormpmm~da liste4dir Table 11A
*have been synthesized iLnd perhapo are not practicstl explogi-1es, but thery

point up the need for examining i.-rtain structural groups, for exarnplm,
-C&C- and the tetresole riaC, which wok-1A be. deeirtabe from aa herg point

It it exo ctAed that this 5yteri uil1 be extended to rilfur-contain-
ins CO'n-un s, -! hnlogenat-d compounds, aad perhaps to mi.Aturea con-.
taing metals otner than tloov co-..rad to date.

D. Hotthnd Of ClkltkrA

A formi devised to standardize anid exvedIte the W(T calcita~ons
is ahotem ar FiLgres A/ and P7, the olvverc and reverse sides, respeotively.
The following discussion of rorocrdiurc !ii preacrited iri terms of a typical
step-by-step calculation for ccr.6ound nuiiber 23, kDX, Figures 86 andI 37.

t. wjill -no rited that thc. reverse side contain-, a snall tab~le for
rnculfttinp the hotst nil 'ronbxtion fr- ! the busof a' and b', as given
in Sction Y'T of t14 r.,tIsa +' t ^ . Thas valui &T iner

-.596- Arthur D. Little, lvn



T M,
for tho varaic-us groups present a= 4 (H O liqid) calc lated from t.-e general

6 equation

*,C. (H.0 iu.j ) a',- 4 1.

Hwvlrnv calculatod thip T (H0 liquid) jfor the roaound, there i- -idad - hJ 'lud; for &rLT to correct the value at constznt pre.aare to heat of combue-
tion at constant voitneF , Thes" .of 5c4 7 UW 507.

1
i ar.'

traneferred to the "Calc
e
. Q and Q lins on the front aide. of the sheet,,

From tho value of-T 50.i-9 & ra~c e qahtity bo0 x o)9.1 Wo CuuuV,, --
to H2 0 gas (Sea Tabla 10). Yrm this value for heat of combustion at
-onstant volume are then vubtrautod the etwrg-ie required to- urnt Aq C kp; P

C02, CO to CO, and Ha to H2 0. Thus, in the case of RDX, the quaetlty "
(3 x 67.31l) is subtracted from the value of h77. 6 to obtain thc heat of
explosion at constant wc1a in kcel/mJ. The next step involvoa a series
of iterstlona to arrive at an 4emloeion te-erature. Thim is done b y aaaua-
ing a teenwratur and setting do~n on the fom the opeo lic heats of the
detooation products at thia te,"persture as obtained from Table 19. Thet um,ation of the products of these specific hosts and the rALY1ber of eoleo of
each gao present is then divided into the heat of *A@a6Iv, ,. maiiplimd by
1000 (to corn'ert frc-i kilogram caloriez.to calories since the specific heats
are riven in the latter units) and added to 298, the bass t-e'ature, to
gi!-e an aimroximate ta_.erature. The.true tepertura lia bti..a- the... ..
aporoxiijite and asWno" toaj.uraturs.s. The .Fjotdis repeated until there
r !ta i final calcul'ded temperature coreronding to ths aen- _'e: to.'ra. i
ture. rhie twpai- t'r-utzz i t i - the nT equation along with the ii . £

I vauc for an, the total oles ol gar forimed. which hat ben obtaind Ii -:
[ the dwtnatlon eouatow. (Se. as*umptic, pae * 58). The units for nAT tu.
I found are kcal/ol. Subsfetunt conversions ae made t, kcal/kg ar.q then to '

ft lbs/Cri.". The latter, whfn diviaIea by the corresponding figurem:of 701.0 4

for TNT and r;ati.plied by 100, results in an iRT proOct expreel i. ,u t '.=a
of par cent MtJT.

There Is provdead on this forn a apace for calculating the molar
and weight o.lygen balances, two p .aat...ea t required An.ovaluating a
high earLouivI..! I

" In the case of organic mixturde, it has been found desirable to
base all calculation on a total ouant~y eauivalent to one mole of the
nixture. FPiures 8 &;id 009 give ati exa ple of this type of calcuitio0iI llustrntin. tht. mixture of 60/4o ELVA/T NT (6dnatol). By dividing the
weight cer cunt by the milacular weight of each of the cotqonents, a moLar

C(ON
t EI .!;TI AL

I-59" Arthur D. Uttle, Ir ,
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C'~FDUJIAI A.LCUtAItLUN OF FCZU J21 13 iNJT, 1fL"flI0

stsuztural Fogxga Naw IIJX -

O'Im- -NmC.

In -m.b "am g.~cmpound

QE Kc&a1Io (1120 Sas) Ib.~ (H2~0 U4.)

_________ aic.QJ? 50 7, Kca1Ip1(m 0li.
Thr~dyamcData Ref erineo:_____ 507,hl.____

3 ~H2 0 10.,01 )0.06 1___ _ __ ______

6.~S~ 10 1 6.5

Ic

F B-T.Ln a 1.087 x 28 1f' 3

. 1 6.53 Kmlcaol,~

Cab,. Power -
701.0

-- ____- D. Do'v . t tu I

Equiv.1'oiir, Laod- B'oct F )

-596- 'G
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CALCULAf I.,' Of PjiiU 4X 'all nkiT M{TOD
Sumn'z IN1'0hMTL0 -

60/jo
0.3997/0.1761 fM2acu~ir WelphL. -17316

0.69h2 C2HIfl401 A~z .anc j..~ 210g
~ "~.P-A~ ~g -- 3,r,2,;-- CC 4'1,0326 H.-! +' 1.1, ~ ~LlU

AL A1.~'2 mo1i gaafmo1. cpound

Winj~ .Kca1/Mo- (H 20 osu) Oba. QC _____ c.1~ (H120 i±q.)

1140* Kcai/moi (H 2 0 gumE) 0 3
ac.QC*______ KCAI/mol (H2 0 liq.)

Theryrlo~ Date. Pafar~nco; ,1- aw'
No Pro- __ rg rm 9*t AsmdYa tr

k -1 4ct J-

92

EC I

- ________ft bae/ (3-0,17 ft Tbhe ca)

p C --)war 121 TJ

Ubp. Pcowar B. _1 - 2i1 2-UI (e.()
-. LBquiv.poiwer, lxdrdc - (---~ -- - .- ) 0TA

-60p- 4UMA



CONI. fTAL; F j r89

sCUi3GO IwFO 'TI ON

Compound Number __7,-2

Calculation of Heat of roubustimn

An- --

oI x -

_________a .2

Other _alatons w a _ _ _
_________________ Sig ________ 1 -I

c I " Ia l _____1

3_: 544'/ "1 ;9,' 3-9111h "11 6

80il

1.7645 H2

Otae No.e 5
Arthur D. Little, 1nz, Da* -- 7-52 By 4,.

-6o-



1," Rure 90
k;N F7 DQTIAT, CA..LCULATh)! OF PadM BY THE nRT HMOliD

Structural Form ia Naxie 2orpftx 11____

42,'40/i6 Rlx-/?WT A1
0. 3 9,1/O1).161/0.6674 N~e---___ M1oecuar Weit 6-B

Qxygwr Nee~ded ±J. ..IM22 toms/rol :rd

~ ~"~88Oxygen B~ian~cs 10g

0.1705) C7 HLN 30 __-g 0/O
Al 1412, :0 . .'9 8 C + 0.9756 H, + 0.5050 Na

rn 2-g22 (3..255' mole gsa/aol COMPOuid

Q- 35-6 _ -Kcalmol (H120 9&3) oba. QC a ______ &1/UD1 (H20o liq-.)

Qt =- -- 6Z3- - Kcal/mol (1120 ga) __C____

Calc.Qc - ______KCAl/Mol (1120 liq.)

Thermodynamic Data Reference: --

No. Pro- Avera ev (cL1/=01P fra 2980 to AssuwAc FLa* at'zre
Mols dut' (50&(h80)'* -O -

H120

_ _52 __ _.-' _L i _ _6 __54s

-Q.g5 2  -. 57 6.60 (6.50) 1 (6JAQ)
0(6.29)j_____

-0,1232 0, 29a.68 29.70 29.. 53)~ (29.52) ________

32.16 32.49 01;aL96) 1111-931
T 2f QF1,5326 j5306 (463) ~ ~ ,

F - R.T-Zn - 1.987 -3 x . 2 x 10-3
(28.90)1

~ ~ i ( )(298.5)
for A12o3 (g) m32-1 Kca1IKg

(921.*5)

-2,..L--ft ibs/g (3.O8? ft iba I c&L)

(921.5 ~ (132)
cc Power- 7

Obs P~r D.M. -1113A~23%T._ __ % (5) )
Fair .vPower, Load j-,: o- 473 TNT~' A



-- No. Fla -

I2Zi 14 Jii0l

- Il

n_______ I P"__

_________ L)._ 611lt Inc.



T, , so . , 0, go() ma G4 ,

1= V.4 6.86 5.0 5.33 5.06 5.15 4.0 5.x 571 3.5 1.010 9.43 6.19 5.AL 54.3 5.46 506 k.0h 5 a6 5,75 ab.63 11.1v
20 9. 6.90 5.2 5.4, 5.06 5.76 b.4 54.6 5.t z.70 U.1130 9.4 6."2 5.3 535 5.O8 5.7 1 .0 517 I.O 26.16 1.k
It0 9.w 6.94 .5.0 56 5.07 5.7 4.07 5.? 25.90 26.40 .14

,TO ps 6* .'A 5*36 5*07 ,.7 koW Al 5 15 *A. 3,.*, " ,60 r .05. 5 6.96 545 5.37 5.01 5. 4.0 5.) M 26.90 11*21
6- ii4 2OW :.h 00. 5wopi kow I4.2 ~AV bOW ab.9 U42j

so 968 7.00 5,.1 549 5O s 5 2 '13 5,21. *.!* "Z" 1:?6
90 .6, 7.95 ? 5.,. S939 .06 S.ft 4.* 5.20 6.0 27.8 11.2

U00 9.62 7.03 5.46 5.. 5.06o .3 .U 5 20 U.1 27*0 .0io 9.60 7.08 5.k2 5.U. 5.09 5.83 6417 5.21 36.17 27.10 11."
20 9.&, ?.Z 5.50 5.42 509 5.54 1lo.18 5.2 *, 6.20 27.U 3
30 9.60 7.0? 5.50 5.,42 510 5. 4.20 5-.2 26,2k 2 7.1 Z .3?140 9.70 7.0 5.5 5-.3 5o,0 5.6 4.2O 5.22 36.6 27.22 53
50 9.72 74.0 5.52 5.". ±..10 . .123 5.Z) 3600 a7. i .4.;60 9. 7 7.1 5.52 5,U 5U U 5.7 4.24 5.23 36.32 7.2 UJ.70 9.76 7.13 5.53 5 6 5,1 5.8 4. 5 5.24 6.36 27.31 1U.6
80 9.76 7.11 5.;4 5.16 5.11 5.69 1.36 5.29 364 2705 U,4890 9.80 7.16 5.55 5.47 5,2 5.09 4.28 5.25 a6A.,2 77.38 U1.50

1200 942 T.6 5.55 5.47 ,#12 5.5) 400 5.36 36.45 27.6A L1.5310 9.81 Ul7 5.56 :As 5.2 5J 4.;l 5.34 3658 27.-44 U.55
20 9.86 7.20 5.56 .W 5.2 5.91 4.02 5.27 6.50 27.17 1.57
)0 9.87 7.22 5.5 51A 5.13 5.92 It. U 4.27 26.52 27.50 1.594,0 9. 7.,9 55 5.50 5,1. 5.93 44 5,.8 26.56 27.54 u.62
o Y .9 7.24, 5.59 5.61 5.l 5.93 4,..S 5.26 26.5 :.6 .460 9.92 7.36 5.60 5.51 5.U 5.9 4  !.0 5.29 26a1 27.60 1195

70 9.95 7.02 5.60 5.52 5.A 5.95 4.36 5.29 26.64 27.62 11.66
&0 9.96 7.29 561 5.52 5.15 5.95 4,39 5.30 26.67 27.5 "170
90 9.9 730 5,4 5.53 S.S 5.96 4,W. 5.30 26.70 27.68 1.72

130D 10.00 ?.)2 5.62 5.5% 5.16 5.96 442 530 26.n1 27.70 11.75
10 to;% 7162 F. 5,66 56 5 ",o 4.. 5.31 26.A7 2 .n 1.

20 0-2 7 52 45 *1 5:9 A4 5*32 26.77 277 11.79
0 10.0CA 7936 5.61 5.56 5,6 6.00 4.16 5.32 26.80 270? 11.8

40. 10.06 7.38 5.65 5.56 5.11 6.0 336 5. -2 27,2 U1.83
so 10.06 7.39 5.65 5.57 5,17 6.M 4.W 5.31 26.85 77.28 1.5
60 10.09 7.W, 5.66 5.598 54. 6.M 49 5.34 X.87 27.6 1.87
70 10.1 1.T2 5.66 5.58 5.18 6.02 i.50 545 36.90 27.89 3.89
80 1.12, 7.75 5.67 5.2S 5.6 6.03 i.5 5.35 26.92 27.91 11.91
90 3.0.U 7.26 S.68 5.60 54. 6.03 l.52 5.6 6.95 27.9 11.93

140 10,.5 7.7 5.68 S.60 5,.U 6.03 4,5£3 5.36 36.57 .96 11.95
10 10.17 7.43 5.69 5.61 5.20 0.04 4.54 5.3? 7 7.00 27."9 1.9720 10.18 7.4, 5.7%1 5.61 . 5 6 *r Lk . 5.7 27.02 26.00 12.00
30 10.20 7.50 5.70 5.62 5.20 6.6 '..56 5.38 27.*0 28.02 12.0240D 10.22 7.52 .71 5.62 5.21 6.06 -&58 5.38 27.07 28.04 L2.04
50 io.23 7.53 5.72 5.63 5.21 6.06 11.59 5.9 27.09 2S.06 12,.060 10.24 7.S i 5.72 54l4 541 6.07 4.60 5.W. 27,U1 2a.0 12.08
70 10.36 7.56 5.72 5.64 5.22 6.07 4.60 5.1.0 27.13 24.10 IP.10
0 10.28 7.58 5*?J 5.A5 5.22 6.06 4.61 5.1.1 27.26 28.x2 12.1

150 10.30 7.60 5.71 5.66 .71 6.09 4.63 5.142 27.20 26.16 12.1610 10.32 7M6 5.75 5.66 5.~ 6.09 4.M&. 5.43 27.22 28.18 12.18
20 10.33 7.6) 5.75 5.67 9 4 1 6.10 Al AS I.2.3 27.21. 26.20 12.20
30 W30.b 7.65 5.46 5.6M 5 ..* 6.10 4.66 5.1-1 27.26 26.22 12.22
40 10.36 ?46 5.76 5.6 5."~z 6,U 6.67 5.11 27.26 21 12.20
50 10.37 7.6C 5M? 5.69 5.25 6.11 4."8 5.)Z 27.30 28.36 12.26
60 10, M 7A9 ±5.76 5o69 5.25 6.1. 4.69 5.4 27.)e 26.27 12.26
70 IL.W 7.70 S.7" 5.70 5.26 6.12 4.70 5.1.6 27 2.9 12310 10.1 7,72 549 5.71 5.26 6.13 4.70 5.47 27: 28.30 122
9J. 10.142 7.73 s.79 s.7 5.27 6.214 4.71 5.14 ri.3a 2c.32 12.4.

1.600 10s.1. 7.75 5.80 5.72 5.21 6.214 .. 72 5.0. r~.40 28.3. 12.36
10 13.16 7.76 5.80 5.72 5.20 6.15 h.73 5.0a 27.14 26.36 x2.38
20 10.106 7.77 5.61 5.13 5.M0 6X2 4.-.b 5.4.9 z7.441 28.37 12.0
30 1WAS, 7.79 5.R1 5.73 5,20 6.16 1..75 5.50 27.16 28.39 1,.47
.0 10.0. 7.80 5.62 5.75. 5.29 6.16 14.76 5.50 27.486 26.440 2JA1
so 2.0.50 7J? 5.82 S.71. 5.29 6.17 4.76 5.51 27.50 26.0. 12.4A
60 10.42 7.21 5,8 5,79 5cV 6-17 67 :-.9? 275 A3 12.14
70 10.33 7.8A 5.83 5.75 5.30 6.18 L.78 5.52 27.52 245 12.50
80 10.51 7.55 5.81. 5.76 5.30 6.16 4.7$ 5SOO 27.57 284.7? 12.52
90 10.55 7o87 5.84 5.76 5.31 6.19 4.79 5.53 27.57 28.147 12.53
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170 10.5 7. ? 5.65 5.77 5.3 6.19 4.80 5.5L 27.58 29.9 12.55
10 W0.58 7.6W .. 66 5.77 5.32 6.20 L.8,- 5..¢ z! .60 28.50 12.57

-u.5y 7. ., 5.86 5.78 5.42 6.20 4.62 i... 27.b2 26.52 12.59
N 0 i2.>C 7.SY2 5.87 5.78 5.1

-  6.41 L.82 5.55 27.64 28.53 1.61
4.0 1o.8l 1.9i 5.87 5.79 5.3.) 6.1 4. 5.56 27.65 28.54 11.63

. 4 5.., 51" I-J; 56 7456 26.562
.r At " o . 5..A - - - fL 1,. .57 27.69 26.57 112.67

7C X'J.65 ".98 , 583 5.80 5.3. 6.23 4.8, 5.57 2.70 2.8 12.62
80 10.66 7.99 5.89 5.M 5,5 6.23 4.86 5.58 27.72 20.60 12.71
00 10.7 ...- .90 5.61 5.35 6.4 4.87 5.58 27.73 26.62 12.73

".0 2..,... 8.01 5.90 5.82 5.36 6.24 4.W 5.59 27.75 26.63 12.75
10 1n.69 8.02 5.?0 5.52 5.36 6.2- L.88 5.59 Z-.- 26.6 12.77
20 10.70 8.0. 5.1 5M3 5.37 6.25 L.89 5.60 Z7.7t 26.65 12.7To
3 1o.71 .-4 5.71. 5.83 5,37 6.?r 4.89 5.60 27.CO 26,66 12.30
LO 10. 72 8.- 5,92 5.83 5.38 6.26 4.90 5.61 '7.51 28.66 12.82
50 10.73 8.,8 5.92 5.A4 5.38 6.26 4.991 5.61 27.82 26.69 1.Z.6
60 10.74 b.-li 5.3?) 5.8U !..8 6.27 L.91 5.ca 1.83 25.0* 12.86
70 l.76 6.30 5.93 5.85 5.39 6.27 L.92 5.62 27. m 8.71 i7.8
80 10.77 e.! ? 5.9 5,-65 z3':' 6.26 t.93 5.t t' j. ft -. 2 Z .90

W0 10.78 6.1j 5.9% 5.A6 5.W0 6.28 4.93 5.64A 27.8F 28.7h 12.92

1 .V0 1i,.aS 0.14 5.A4 .6 5.4 6.29 Z..9i. 5.6.. 27.89 28.75 12.94
10 ).,80 6.16 5.Y5 5.86 5,.1 6.29 4.94 5.65 2,90 26.76 12.96
?I, LO.tjq 8,7 5.95 5.87 5.41 6.30 4,,5 5.65 27.91 26.T7 12."

30 :. !2 6.20 5.S6 5.88 5.&? 6.30 .96 5.66 n.9z ' 2B.7I 13.
J.1 1C.83 8.2o 5. 96 5.88 5.41 6.30 4.96 5.66 27,9. 26,79 13.0
50 10.%4 8.21 5.97 58a 5.13 .,31 4.97 5.67 27.5 28.60 13.0h
60 0.5 -.? 5-97 5,.Q ',3 6c33 Ai.96 5,,67 M..- t, ,81 13.06
70 10. ft 8.23 5.9A. 5.89 5.4 6.32 4a.96 5.66 21.1- - ;x-. i3.06
0 10.87 b. A 5.9a 5.90 5.-U 6.32 4.99 5.6 Os 28.83 1.1,

90 10.88 8.25 5.91- 5.90 5.6 6-.11 4.W9 5.65 29.42 28.64 13.31

I>= 10.9 4.6 5.99 5.50 W D 6.33 5.00 5.70 28.02 28.65 13.13
1Z- 0.9 .2 5 54M1 54 6.11, 541 5.70 &A.0 '006 *

20 10.91 a.29 6.Or 5.91 5.L6 6.4 5.. 5.7i 2.6 m 20.87 13.17
)0 10.92 8,3o o.0 5.9? S.? 6.31r 5.0 5.7n 28.06 26.88 13.j

60 10o.93 8.31 6.00 5.92 5.47 6.3A 5.02 5.n 2.07 .89 1.3.20
sC 1o.94 8.32 b. 5.92 5.0 6.Z5 5.03 S."2 25.0 26.90 13.72
60 10.9 8.33 6.1 5.93 5A&4 6.35 5.0 5.72 28.09 28.90 13.A
70 10.95 8.3b 6.02 5.93 5.49 6.36 ;.01 5.,2 28.10 26.91 13.26
bO 10.96 8.35 6.02 5.94 5.9 6.36 5.05 ' .73 28d.12 1.*2 13.25
90 10.97 8.36 6.M 5.96 5.50 6.;6 5.05 5.73 28.13 28.93 11.29

2100 10.96 ?.. 6.03 5.91, 5,50 6.37 5.06 5.73 28.14 28..4 13.3a
In 1-. , C 5z(S- A.37 S.06 4.7L 25.11 28.94 13J3

20 U1.00 820 6.06 5.95 5.5. 6.38 5.07 5,74, 26.16 25.95 U.3.
30 U.I,0T R,41 6.0 5.96 5 .. 6.38 5 ' 5.. 2b,17 28.96 13.36
w U.02 8..2 6.O6 :.96 5.52 6.38 5.00 5.1e 28.18 26.96 13.38
50 11.02 6.3 6.05 5.06 5.52 A.39 5.09 5.75 :8.0 28.97 13..0
60 U.03 8.L 6.05 5.97 5.52 6.39 5.09 5.?6 2871 28.96 134.1
70 11.06 8.6 6.06 5.97 5.53 64.0 5.10 5.76 20.22 26.99 13.42
foll 11 n4 R.' 6,06 r.9'7 5.51 6.4.0 95.10 >.16 26.23 29.0. 134.u
90 11.06 8.47 6.06 5..t 5.54. 6..O 5.11 5.77 26.24 29.00 13..6

2200 11.06 8.49 6.07 5.98 5.54 6.41 5.11 5. Y7 28.25 29.41 13.47
10 1.1,07 8z.o 6.07 5.99 5.5L 641 5.12 5.'P? 2*0.26 29.02 13.49
20 11.06 6.51 6.07 5.'9 5.55 6.2 5.12 5.15 ,-,."7 -Y.(2 13.50
30 1..09 8.52 6.08 6.oo 5.55 .4.2 5.13 5.78 2e.28 29.03 1-1.52
W0 11.10 8.51 6.00 6.N 5.6 -!.V" 5.3 5.78 21.9 -9. 4, 13.54
5o 1.10 3.54 6,06 6.0) 5.56 443 5.2L 5,79 28.30 29.04 13.56
60 1.11 8.55 0.0y b.5. 5.56 6.:,3 5.14 5.79 2831 . .05 13.57
'10 11.1 AC 6.09 6.01 5.57 6.14 5.15 5.00 28.32 29.ix6 13.58
30 2A..j 6.57 6.09 6.ul 5.57 t.wA 5.15 5.80 26.33 29.06 13.60
go 1; 5.58 6.10 e.02 5.58 6.1.L 5.16 5.80 28.3L 29.07 13.,S2

230 11.15 8.59 /".10 6. m 5.58 6.45 5.16 5.81 28.3S 29.0- 13.63
io 11.15 bloo 6.10 6.03 5.58 6.1&5 5.17 5.81 26.3 29.08 13.65
20 1.1.6 6.t2 6.11 t,.o0 5.59 6.6 5.18 5.82 28.37 29.09 3.67
30 11.17 P.63 6.11 6.%, 5.5Y 6.b6 S u,8 5.82 28.38 29.10 13.6N
It0 13.1h .64 6.12 6.u8 5.60 6.46 5.9 5.82 58.35 29.10 13.10
50 1.1.19 a.65 6.1. 6.re. 5.6.n 6.!- 5. 0 5.83 28.W 2V.11 13.T2

70 11.20 3.67 6.1; 6.0 5.., 5.7 5.20 5.83 t.4t2 29.12 3.75
be 11.21 8.68 6.13 6.05 5.61 6,105 5.. 5.84 2 3. 29.13 13.74
90 11.22 8.69 6.13 6.0 5.62 6.48 5.21 5.W.A 28b.4. 29.114 1.3.70
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;;40 , 1.2) 8.70 -. 14 IA -* 5.62 0..8 5.22 5.81. 28.U. 294.. 13.o
10 D-21. 8.7M '4. 6.6 5.63 6.49 5.22 5.8S 26.,6 29.15 13.82
20 U.2i. 5.:c 6.1 6.06 5.63 6.49 5.2J 5.85 26A7 29.5 13.83
30 11.25 8.73 6.5 6.06 5.63 6.49 5.23 5.86 2..8 29.16 13.8
)A 13.26 t.7L 6.25 6.VI 5.6. 6.:40 5.h 5.06 28.48 29.16 13.86

50 1.,2 8.75 6.15 6.0 5.6. 6.5" 5.26 5.86 28..W9 29.1. 13.83
60 11.27 8.76 6.16 6.0r 5.64 6.50 5.25 5.87 28.50 29,16 13.90

o .29 8.78 6.16 6.00 5.A 6.5 5.26 5.88 26.62 29.49 13.93
90 U.30 6.79 6.17 6.06 5.66 6.51 5.26 5.P4 28.52 29.29 13.9.

,(500 U.30 8.7n 6.17 6.09 5.o 0.52 5.27 5.88 28.53 29.20 13.96
13 n1.31 5.80 6.17 6.09 5.66 6.52 5.27 5.89 25.5L. 29.20 13.96
20 11.32 8.82 6.17 6.09 5.67 6.52 5.28 *. 9  26.55 29.21 16.00
30 11-.32 8.83 6.18 6.09 5.67 6.53 5.28 5.90 26.56 29.22 1.02
4.0 U.33 6.6L 6.18 6.10 1.67 6.53 5.28 5.90 28.57 29.22 U.04
50 U..34 8.8U 6.18 6.10 5.68 6.54 5.20 5.90 2t.58 29.22 !I.OQ;
6o 13.35 8.85 6.19 6.10 5.68 6.5L 5.29 5.90 20.58 29.23 UJ.07
70 1.)6 8.86 6.19 6.10 5.69 6.5. 5.30 5.91 28,59 29c23 1.048
8 13.36 8.7 6.12 6.11 5.69 6.5 5.30 5.91 28.60 29.24 Ui..10
90 U.37 8.88 6.19 6.11 5.69 6.55 5.30 5.91 25.61 29.21 1.12

2600 1.38 8.89 6.20 6.12 5.70 6.55 5.31 5.92 26.62 29.Z 1.
lo 1.38 8.90 6.20 6.12 5.70 6.56 ';.31 5.92 25.62 29.5 1,.16
20 11.39 8.91 6.20 8.12 5.71 6.56 5.32 5.93 25.63 29.26 14.;8
30 11.0o 8.92 6.21 6.12 5.71 6.56 5.32 5.93 28.64 29.-6 11.2o

0 114.0 8.93 6.21 6.13 5.72 6.57 5.32 5.93 26.6h 29.2? 1..21
50 U.41 8.94 6.21 6.13 5.72 6.57 5.33 5.9L. 28.65 29.?7 1L.22
60 U1.42 8.95 6.21 6,13 5.72 6.57 5.33 5. 20.66 29.26 1 h.4
70 U.12 8.96 6.22 6.14. 5.73 6.58 5.3. 5.91 28.67 29.26 14.26
80 114 . 8.917 1.22 6.1U 5.73 6.58 5.34 5.95 28.68 29.29 1L.27
o 11.1. 8.96 6.2 6.11 5.71 6. 5.34, 5.95 21,68 ?9.29 ".29

2700 .1. 8.96 6.22 6.M 5.7h 6.9 5.35 5.9 2a.69 29.30 U.30
10 1n.45 8.99 6.23 6.11 5.7 6.59 5.35 5.96 28.70 29.30 1".32
20 11.16 9.00 6.23 6.15 5.75 6.60 5.36 J.9 26.71 29..1 14.3.
30 11.1.6 9.€. 6.23 645 5.75 6.60 5.36 5.96 26.71 29J1 14.35
4o .6 9.02 6.23 6.15 5.75 6.60 5.36 5.97 28.72 29.32 ".j6
50 11.47 9.03 6 . ! 66 5.76 6.61 5,.37 5.97 26.73 29.32 U.3
co 11.46 Y.* 6.2t 6.16 5.76 6.61. 5.37 5.96 28.73 ?9.33 1.40
70 U1.8 9.05 6.24 6..6 5.76 6.61 5.35 5.96 26.xu 29.33 14.4.
80 11.49 9.06 6.21. 6.16 5.77 6.62 5.38 5.96 28.75 29.3. U.42

. s Cif .7 6.6e5oi.9 07 29.31. 11.41

28 11.50 9.06 6.25 6.17 5.77 6.62 5.39 5.99 25.7b 29.35 U.16.5
10 1.51 9.09 6.25 617 5.78 6.63 5.39 6.00 20.77 29.35 1"7

30 1.52 9.11 6.26 6.8 5.73 6.63 S,4'0 6.00 20.7s 29.36 -A 14.50
4.0 n.53 9.1 6.26 6.16 5.79 6.64 54.0 6.M 26.79 29.36 lU.51
51) 11.53 9.i2 6.26 j.10 5.79 6.6. 5.41 6.M 28.80 29.37 U.a.52
60 11.5.4 5.3 6.26 6.13 5.0 6.64 5.1 6.01 2 8.W 29,17 U.54.
70 11.54 9.11. 6.6 6.19 5.80 6.65 5.41 6.02 2.SI 29,38 1S.55
AO 1.5L 9.15 6.2? 6.19 5.80 6.65 5.42 6.01 28.82 29.38 16.56
90 U.55 9.16 6.77 6.i9 5.1 6.65 5.4 6.03 28.82 29.38 U.5

2900 13.56 9.17 6.27 6.19 5. 6.66 5.2 6.03 28.83 29.39 lh.59
10 11.56 1.17 6.27 6.i0 5.81 6.66 5.43 6.03 28.61 ty.39 1.60
20 11.56 1 0 -4 -?, - 6-6258- !.-!t . 29*W.0 .6

30 11.57 9.19 6.28 6.20 5.82 6.66 5.U 6.4 26.85 29.W U.63
W U.57 9.20 6.28 6.2C 5.13 6.67 5.4. 6.04 2.05 29.40 U .64
50 11.57 9.21 6.26 6.21 5.83 6.67 5.". 6.0 28.86 294. 14..65
90 1..57 9.22 6.29 6.21 5.83 6.67 5.16 6.05 2t.86 29.1 "I.67
T0 U.58 :.23 6.29 6.21 5.8 6.69 5.16 6.06 26.87 2J0 1U.66
80 1.59 9.23 6.29 6.23 5.P.& 6.6a 5.46 6.06 28.88 29.1.2 11..6
go 1.59 9.2L 6.29 6.22 5.8 a.68 5.16 6.06 28.89 29.42 1.70

3030 11.60 9.25 6.29 6.22 5.85 6.69 5,j6 6.07 11.90 29.3 .
10 11.61 9.26 6.30 6.22 5.65 6.69 5.6 6.07 26.90 2943 1.73

U.. 9 . 6.30 6.22 5.86 6.69 5.h?7 6.07 26.ft 29.1" i4. ThI
30 11.62 9.' 6.30 6.22 5.86 6.70 5.17 6.03 28.92 29.44 14.75
4.0 iu.o' ; 6.30 6.23 5.36 0.70 5.. 6.,C 26.92 "9.1" 11.76
5,) U,5. 9.6 6.00 6.23 5.87 6.70 5.8 6.06 28.93 21z5h IL.?

6k 11, i.. Y.30 &.2z 6.23 5.87 6.71 5.48 6.09 28.A, 2Y.45 1.7V
70 U.61 94J0 #.,r 6.V3 % :07~ 6.71 5A48 6.39 28.9t 29.1.5 1680
so nX.6, . 6.3 6.2 5.88 6.1l 5.,9 6.1o 258.95 29.146 "tA'
90 11.65 n.3 6.31 6.24 5.88 6.72 4.A.9 6.10 27.95 29..6 ij:.82
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.100 -.. .. ; 6.32 6.2, 5.88 6.72 5.9 6.10 .96 29.W L.63
2o .66 9.33 1.32 6 .1Z 5.89 6.72 5.50 6.1 6.96 nh? U.&
20 U.66 9.3. 6.32 6.2h 5.8, 6.73 5.50 6.,1 .97 29.47 i4.66
3o 11.67 9. 6.32 6.24 5.: 6.73 5.50 6.11 25.9 29AS ?.
10 . .t 9.35 6.32 6. 5 5.90 6.73 5.51 6.12 28.56 29.1.8 lh.

73 6.32 6.25 5.50 6,., 5.51 6.12 2.99 2o_.S 11.p
-U6 Y)7 6.33 6.25 5.90 6.71. 5.52 6.12 29.00 29A.9 1L..90

70 11.69 9-t 6.33 6.26 5SJk 6.7h. 5.52 6.13 aw0 .sM _ _

90 11.70 9,39 6.33 6.26 5.n 6.75 5.52 6.14 29.0. 29.50 J..93

10 1.72 9.1 6,4 6.26 5.92 6.75 5.53 6.U 29.02 29.50 11.95
20 1.1.72 941 6.04 6.26 A , 76 5.54. 645S 29.0 Z;51 4..96
30 11.72 Y.L2 6.34. 6.27 5.93 6.76 5.54 6.5 29.0, 29.51 U)..97
,, 11.73 ,.L2 6.3L. 6.27 5,93 '.76 5.54 6.16 29.0h 29.5 l.56

50 1).7) 9.43 6.3L 6.27 5.OL 76 5.54. 6.6 29.% 29,r2 lik.99
6o 11.74 9,." 6.5 6.2 5.9 -1 . .,7 5.55 6.J6 29.05 29.52 15.*O
70 1,.7. 9.i.. 6.35 6.28 5.V. 6 .?, . 5 6.1.6 39.05 29.52 ;5.M
s0 145 9o5 6.35 6.26 S. . 6.77 5.55 6.17 29.06 2953 X5.M
oJ 11.75 9.4.6 6.35 6.28 5.5 6.7f 5.56 6.17 29.06 29.53 15.03

3300 11.76 9A7 6.36 6.28 5.95 6.76 !.'.,6 6.18 29.9? 29.53 35 .0
10 11.7'6 9 . 6.6 6.29 5.9 6.75 5,. 6.18 29.07 29.., 15.0,
20 1.7? 9-.1. 6.36 6.29 5.96 6.7s 5.56 6.18 290 2A.5k 35.W6
30 U1.71 9.59 6.36 6.29 5.9, 6.9 5.57 6.U 29.06 ;,. 5..7
40 1. TS 9.5 6.36 6.29 5.96 6.79 5.57 6--- 29.09 29.. 35.I

o ~ ~ 9 50 6....... ..- eo~ *

w0 U.79 9.51 6.37 6.30 5.97 6.80 5.58 6.21 29.10 29.35 .5. 0
70 11.,) 9.52 6.3? 6.30 5.95 6.60 5.58 64.z r.l0 29.55 Aq.1

o .1.10 9.52 6.37 6.-,1 5.96 6.00 5.68 6.21 29.1 29.56 5.12
90 11.0 w .53 6.37 6.0 5.96 6.81 5.59 6." 29.11 29.56 -.. 3

10 ILI" 9.54 6.38 6.31 5.99 6.82 5.59 6.22 29.12 29.56 25.15
20 -.52 9.54. 6.38 601 5.99 6.82 5.60 6.22 29.3 29.57 15A6
30 1.-2 9.55 6.84 6.31 5.99 6.83 5.6, 6. .. 1 .58 3.5.17

.0 11.83 9.56 6.38 6.31 &.00 6.82 5.60 6.?3 29.14 29.7 1.18
50 U-4 9.56 64,3 6.32 6.00 6.82 5.61 6.24 29.'.5. 29.58 X1419
60 1l.5 f 6.9 6.32 6.M2 6.83 5.61 6.214 29.1 29.58 X5.20
70 11.81 9.56 6.39 6.32 6.01 6.83 5.61 6.25 29.15 29.58 1S.2
0 U l. 9.5o 6.39 6.32 6.01 6.81 5.62 6.26 C.. -r

50 U.t 9.59 6'.*9 6.32 6.02 6.84 5.62 6.25 29.16 29.59 ),.23

500 11.5 9.60 6.3o 6.32 6.02 6.81 5.62 6.25 29.1.6 29.q 15.2.
10 LA-6 9.60 6.3' 6.33 6.02 6.54 5.62 6.26 29. 6 V.59 * 5."
20 1.1.56 9.61 6.40 6.33 6.,. 6.81 5.63 6.26 29.17 0P.60 35.26
30 1.86 9.b2 6.0 6.' 6U. 4.-.5 5.63 6.16 29.17 29.60 1.5.27
4.0 11.87 9.62 6..0 6.., 6.03 6.85 5.63 6.27 29.153 29.60 ,5.28
50 11.67 9.63 6 cO 6.. 6.03 6.85 5.6. 6.27 29.16 29.60 15.2
6o u.0 9.6"4 6.., 6.3k 6.02: 6.R6 5.6 6.28 29.19 29.60 15..9
70 11.84 9.64 6.5,0 6.34 '.. 6.66 5.66 6.2 29.19 29.60 15.30
80 11.68 9.66 6.41 6.3 . 6.06 4.86 5..L 6.2, :° 29.a h .5.31
90 115 t 9.66 6.41 6.31 6.05 6.6 5.65 6.29 29.40 29.61 15.3

3600 11.59 9.1-1 1.- 4.3 6.05 6.67 5.66 6.29 29.20 29.63, 13.33
.0 U1.90 9.67 6.61 6.35 6.05 67 5.65 6.30 29.21 29.62 15.3h.
20 11.90 9.68 6..2 6.35 '.06 6.87 5.66 6.30 29.1 29.6? 15.35
30 1 .90 9.66 6..2 6.35 6.(J6 6.88 5.6t 6, 30 29.62 1.36
90 11.91 9.69 6.4.2 6.36 6.0 6.14 5.6 6.3i 29.22 29.62 !.5.36
5o 11.5- 9..70 6.42 6.36 6.C6 6.8 5.6 6.1 29.2 29.63 15.3:
60 1.9. 9.. 6. 12 6.36 6.07 6,86 5.67 6.31 29.Z3 29.62 15.38
v0 11.92 9.7T 6.d.2 6.6 6.07 6.89 5.67 6.32 Z9.23 .19.63 15.39
bo -. 92 9.-7 6.42 6.36 6.07 6.89 5.67 6.32 29.24. 29.63 .40
w) 11.j) 9.72 6.0 6.36 6.06 6.ki 5.68 6.33 29.2h :5-.6 i1

37W U_.Y '.73 6.43 6.37 6.08 69 5.68 6.33 29.7. 29.6. 15.42
10 11.1A M.3 6.0. 6.37 6.06 6.>0 5.63 6,3 2Y.;6 2Y,.046 j.J.
1.1 ii.%~ !,.7t 6.113 (.r' 6.05' 6M 5.61 6,35 ".125 q9*hb i% I4
30 'L. 9L 94. L .43 6.3P 1.c 6.90 5.69 6.34 -,9.26 29.65 15.4k
1.O 11.95 9.75 fi..4 6.37 6.09 6.90 5.69 29?.26 20.4; %sxz

60 1.5 '9.76 6.5.4 6.,- 6.10 .91 5.70 G.35 29*.27 29.66 t5.4.6

~i0o A..7 9.1? 6.U.. 6. io -1 6.9.1 - t-~36 29.28 29.66 15.4.8

904 11. 9? 9.76 6."U .33 6o.r - 7..1 G..)3 29.~ Z9.66 1j5.4
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36.~:19 S.7 615 .. u1 6.92 -.n7 6.37 M92 29.66 15.50
10 11.;; 9.79 6.:,s 6.33 6.11 6.93 5.71 6.37 29.29 29.67 15.5120 U16 9.80 6.16 6.39 6.112 O6.93 5.72 6.38 29.29 29.67 15.52

20 U.99 9.80 6.45 6.39 6.12 6.93 5.72 6.38 29.30 29.67 15.52
30 11 .99 9.80 6.h6 6.39 6.12 6.93 5.72 6.38 29.30 29.68 15.53
0 11.00 9.8 6.,6 6.-9 6.12 6.9% 5.72 6.30 29.30 29.68 15.54

C-0 12 .O 9.62 6.46 6.39 6.13 6.A 5.73 6.39 2--.31. 29.68 2.5.55
70 12.00 9.83 6.46 6.JO 6.1U 6.94 5.73 6.40 29.31 29.68 15.56
50 12.01 9.83 6.46 6.40 6.14 6.94 5.73 6.40 29.32 Zy9.68 15.56

3900 12.02 9.84 6.L6 64 0 6.",a 6.95 5.74 6.41 29.32 29.69 15.58
10 12.02 9.85 6.h6 6.40 6.14 6.95 5.74 6.41 29.32 29.69 15.59
20 12.0? 9.86 6.4b 6.41 6.15 6.95 5.75 6.41 29.33 t9.69 15.60
30 1.2.03 9.A6 6.47 6.41 6.15 6.96 5.75 6.42 29.33 29.69 5.6).
LO 12.03 9.87 6.47 6.41 6.15 6.96 5.75 6.42 ?9.33 29.70 15.62
50 12.03 7.dd 6.47 6.41 6.16 6.96 5.76 6.42 W.34 29.70 5.62
60 12.01, 9.88 6.L7 6.41 6.16 6.96 5.76 6.43 29.34 29.70 15.63
7o 12A- € 9.59 6.47 6.-" 6.1- 6.9? 5.76 6.43 29.34 29.70 15.64
80 12.04 9.89 6.47 6.42 6.16 6.97 5.76 6.44 29.34 29.70 25.64
9o 12.04 9.9o 6.8 6.4.: 6.17 6.97 5.77 6.U4 P?.35 29.7i 15.65

.000 12.05 9.90 6.48 6-L2 6.17 6.98 5.77 6.16 29.35 9.7"1 25.66
10 12.05 9.91 6.4, o.12 6.17 6." 5.77 6.b5 29.35 29.7. 15.06
20 12.06 9.92 6.48 6.42 6.17 6.98 5.7 6.16 29.36 29.7 15.67
30 i?.06 9.92 6A8 f .42 6.10 6.96 5.78 6.46 29.36 29.72 15.68
L.0 12.06 9.93 6.48 6.2 6.18 6.96 5.78 6.46 29.37 2Y.72 15.69
60 12.07 9.% 6.-4 6.43 6.18 6.99 5.79 6.-16 29.38 29.72 5.70
70 12.07 9.9.4 6.45 6.13 6.18 6.99 5.79 6.47 29.38 k9.72 15.71

r- 1,1.0, 9 .9L. 6.1- 6.-1% 6,la 6.9 5? .- 1.30 29.?2 IS.71

80 *.2.07 S.95 6.9 6.43 6.19 6.99 5.79 6.07 29.38 29,73 15.72
9 12.OB 9.95 6.49 6.43 6.19 7.00 5.80 6.4? 29.39 29.73 15.7"

41A3 1.2.03 9.96 6.49 6.43 6.19 7.=- 5.AO 6.48 29.9 29.73 15.73
10 12.06 96. 6,49 6.44 6.20 7.00 5.80 6.48 29.39 Z9.73 15.74
20 12.06 9.97 6.9 6.44 6.20 7.00 5.50 6.49 29.40 29.74 15.74
30 12.09 9.97 6.L9 6."' 6.20 ".01 5.81 6.49 29.40 29.7t 15.75
4O 12.10 F.96 6.50 6.44 6.20 7. 5.81 6.50 0.40 29.74 15.76
50 12.10 9.98 6.50 6.4 6.21 7.L 5.81 60 29.41 29.74 15.76
60 12.10 9.99 6.50 6.44 6. .- 7.02 5.S2 6.50 29.41 29.74 25.77
70 12.11 9.9a 6.50 6.45 6.21 7.02 .62 6.51 29.42 29.75 15,78
80 12.i; 10.00 6.50 6.L5 6.21 7.02 ';.B2 6.51 29.42 29.75 15.76
90 12.12 10.O0 6.50 6.L5 6.22 7.02 ;.82 6.57 29.L2 29.75 15.79

4200 12.12 10.01 6.50 6.45 6.22 7.02 5.83 6.52 29.43 ,,.75 15.79
10 12.12 1^.02 6.50 6. 5 6.22 7.03 5.83 6.52 29.43 2 .76 25.80
20 12.12 10.02 6.51 6.15 6.22 7.03 5.83 6.53 29.43 29.76 15.80
30 12.12 10.03 6.51 6.46 6.23 7.03 5.84 6.;., 29.44 29.76 15.81
4O 12.13 10.03 6.51 6.L,6 6.i3 7.G 5.;4 ,.53 2-7 " 27-,j' '&,P u
50 12.13 1O.0. 6.5" 6.46 6.23 7.04 5.A 6.54 29.44 29.76 15.82
60 12.13 '0.06 6.51 6.46 6. 24 7.04 5.86 6.54 29.45 29.76 15.83
70 12a.1 10.05 6.51 6.L-6 6.24 7.04 5.85 6.54 9.15 7..T? 1'.81.

.0..2.1.4 10.05 V.-J 6.V> 6.2V 7.05 5. 5 6.;5 29.46 29.77 L.5.84s
90 12.1h I.06 6.51 6.47 o.24 7.05 5.65 6.55 29. 46 k9.T 15.85

.300 12.14 10.06 6.52 6.47 6.25 7.05 5.86 6,56 29.46 29.77 5.86
10 12.b5 10.07 6.52 6.47 6.25 7.05 5.86 6.56 29.46 29.78 15.86
20 12.15 10.07 6.52 6.7 6.25 7.06 5.0-6 ,.% 29.47 29.75 15.87
30 12.16 10.08 6.52 6.7 6.25 7.06 5.--7 0.57 29.47 29.78 15.87
L.0 12.16 10.03 6.5? 6.47 6.26 7.06 5.87 6.57 29.47 29.78 LS.86

.. . ... L ," . 6.:i 6.26 7.06 5.87 6.58 29.48 29.78 15,8.
12.17 10.09 6.52 6.48 6.26 7.07 5.85 5.58 29.48 ,,. ;8 15.89

70 12.17 :0.1G 6.52 6.4e 6.26 7.= 5.88 6.58 29.48 29.78 15.89
,0 1'.17 le.io 6.52 6.48 6.27 ?,7 5.88 6.59 29.46 29.79 15.90

1 b.5 6.4 6.27 7.07 5.88 6.59 29.05' 29.79 15.?0

L .00 1.j.1 1 6.11 6.53 6.48 6.27 7.08 5.89 6.59 29.49 29.79 15.91.
10 1.2.1 10.12-  6.53 .6 6.27 7.08 5.b9 6.60 29.49 2y.TY 1 ..I'l
20 12.19 10.12 6.53 6.49 6.27 -7.0 5.89 6.60 29.50 29.79 15. 2
30 12.19 10.13 6.53 6.49 6.28 7.08 C.90 6.60 29,50 29.80 15.92

".2 1.2.20 i0.ib 6.53 6.45' 6.28 7.08 5.9C 6.l Z;.50 29.0 15.93
, ,, t+ 1rn ii."1 A <'1 1.h9 A,2,l 7.09 5.90 6.61 ?v..,l 2"9.!0 I5 .',,6

12. 1.15 6.54 6.49 6.21 ".09 5,9Z 6.62 29.51 2.80 15.94
70 i b 10.15 6.A 6.,; 6.2i 7.09 .. 9i 6.62 29.51 1. 15.95

12.2. 10,16 6.54 6.49 6.29 1.09 S.V 6.62 29.5 29.80 15.9,
Ye I W.: i.16 6 5i4 6. z.l 6. r2 7.10 .--. 6.63 29.52 29.80 15.96
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12.22 10,.17 0.5. 6.50 6.0 7.10 5.92 6.63 29.52 29.00 15.96
10 12. 10.17 6.54 6.50 6.30 7.10 5.92 6.'A 29.52 29.80 15.97
2o 12.22 10.18 6.54 &.<0 6 .10 7.10 5.93 6.64 29.53 2.81 15.97
30 12o23 10.t. 6.514 6.50 6.30 7.1.0 4.93 6.6. 29.53 29.81 25.96
AG 12.23 10.19 6.54 6.0 F..30 7.10 5.93 .65 29.53 29.8f 15.96
,, .23 j 10.19 6.55 6.50 6.31 7.u ,.Y 6.65 2.) 2.8. 15.99
0 12.23 10.20 6.55 6.50 6.3i .A 5..A 6.66 2.54 29.81. 6.y

• 12.2i. 10.20 6.55 6.51 6.31 7.11 5.%6 6.66 29.5. 29.81 16.00
80 12.21. 10.20 6.55 6.51 6.31 7.12 5.4 6.66 29.54 29.2 16.00

W.2 12.2 1;.20 6.55 6.51 6.32 7.12 5.95 6.67 29.55 29.82 6.00

10 12.25 v0.22 6.55 6.51 6.32 7.12 5.95 668 29.55 29.62 16.02
.,0 12.25 "a0.22 6.55 6.51 6.32 7.12 5.96 6.68 29.55 29.82 26.0
30 12.26 10.23 i ,.56 6.52 6.33 7.12 5.96 6.68 29.56 29.82 16.03
30 12.26 10.23 6.56 6.52 6.33 7.13 .96 6.0 29.56 29.82 16.0
LO 12.26 IO.Z. 6.56 6.52 6.33 7.13 5.96 6.69 29.%6 29.82 2.6.01
60 12.20 io.24 6.56 6.52 6.33 7.13 5.97 6.69 29,56 29.82 16.01.
70 12..7 10.24 6.56 c.52 6.33 7.11 5.97 6.70 29.56 29.83 16.04

,0 12.27 10.25 6.56 6.52 6.34. 7.14 5.97 6.70 29.57 29.8 16.05
90 1..7 20.26 6.56 6.52 6.36 7.3 5.97 6.70 29.57 21.83 16.06

7o0 12.28 10.26 6.56 6.52 6.34 7.14 5.97 6.71 29,57 29.83 16.06

10 12.28 10.26 6.56 6.5. 6.34 7.UL 5.98 6.71 29.58 29.83 16.06

i2o .2.28 10.2? 6.56 6.';3 6075 y.11 5. " -S.2 29=58 25[% IA.L7
3 12.28 10.&7 6:57 6.53 6.35 7.i' 5.99 6.72 29.58 9.1 16.07
LO 12.29 10.2'1 6.57 6.53 6.5 1. 1, 5.99 6.72 29.58 2f.1 16.6
50 12.29 1.0.28 6.57 6.53 6.3 7.X 5.99 6.72 29.59 29.81. 16.06
60 12.29 :.%29 6.57 6.53 6.36 7.15 5.99 6.73 29.59 29.8. 2,.09
70 1.2.3 +o 9 6.57 6.53 6.36 7.16 6.0o 6.74 29.59 29.84 36.09
V 12. _; 10.30 6.57 6.5L 6.36 7.16 6.00 6.7l-. 29.59 29.8, 16,10

12.30" 10.)0 6.57 v.54 6.36 7.16 6.00 6.7% 29.60 29.8 16:D

5O 12.31 10.31 6.57 6.54 6.36 7.16 6.00 6.75 29.60 29.5. 16.10
-----------7 -----, 6.2? L16 Y -M 29.65 ?9. ft -. 11

20 12.3. I0..1 6.58 6.5L 6.37 7.17 6.a. 6.75 29.60 2.84 16.)U
30 12.32 10.32 6.58 6.5b 6.37 7.17 6.C. 6.76 29.60 29A85 16.12
.1.6 12.32 10.32 6.5A 6. .37 7.17 6.02 6.76 29.61 6. 5 16.12
50 12.32 10.3,, 6.58 6.55 6.37 7.17 6.02 6'? >9.61 +'<' 1 .. 1,

60 12.32 10.03 6.58 u.55 6.31 7.17 6.02 6.77 29.61 29.8J5 16.13
70 12.32 10.34 6.56 ;A.55 6.38 7.18 6.03 6.77 29.61 29.85 16.14
80 12.33 10.34 6.58 6.55 6.38 7.1b 6,03 6.78 29.62 29.85 16.1
Soo 12.33 iO.3g 6.55 6.5 6.38 7.18 6.W 6.78 29.62 29.5 16.31.

L .o 12,j3 10.5 6.58 c.55 6.38 7.18 6.C0. 6.78 29.62 29.85 16.15
10 12.3 10.35 6.58 6.55 6.38 7.18 6.Ch 6.T9 29.62 29.6 16.15
20 12.' 1,.36 6.59 6.55 6.39 t.19 6.M -. 79 29.63 29.86 IA.16

3Q 1+.,1 10.36 .5 6.5 6.39 7.19 6.0L 6.80 29.63 29.86 I,."J6
1,o 12.34 10.36 6.57 6.56 6.39 7.19 6.05 6.80 29.63 29.86 16.16
0 _ --- -- 5- !-. . 7.1; 6.U o 6. W z.s 2.b lb,17

60 12.35 10.37 6.59 .. 54 6.39 7.20 6.Z 6.81 29.v4 29.86 16.17
70 12.36 10.38 6.! 6.56 62.0 7.20 6.06 6.81 29.6L 29.a6 16.18
CO 12.36 10.38 6.59 6.54 6.40 7.20 6.06 6.82 29.64 29.86 .16.18
90 ).2.36 10.30 6.59 6.56 6.10 7.20 6.06 6.82 29."1. 29.86 16.1a

5000 12.36 10.)9 6.59 6.56 o.40 7.20 6.36 6.82 29.641 29.86 16.18
10 12., 0.0.'O 6.6j 6.56 6.1.0 7.21 6..07 6.83 29.6h 29.e6 16.19

20 17.31 ,0.L0 6..A 6.56 6.41 7.21 6.07 6.83 29.64 29. 6 16.19
30 12.37 10.LO 6.60 6.57 6.L1 7.21 6.00 6.84 29.65 29.86 16.20
40 12.3t i.41. 6.60 6.57 6.41 7.22 6.08 6. 1P 2s,..5 29.86 16.20
56 ie.3O 10.4i 66 .O o,57 o. L., f. a 6.06 . % .. 6 29.8L 1b. 20

601 12.38 rA.L? Z.60 6.5? 6.U1 7.22 6.0. 6,&.. 29.66 .86 16.21

70 '1.2.3d 15.02 6.60 6.57 6.L2 7.22 6.09 6.55 29.66 V9.87 16.21

80 12.39 10.42 o.60 6.57 6.142 7.22 6.09 6.66 29.66 29.87 16.22

WA 2k.) A. .:... C o.,. ''.57 o.4 2 7.22 6.09 6.86 ?9.66 29.87 16.22

:10 12.39 13.10 6.e1 6.57 1. - 7.22 6.10 6.86 29.66 29.67 lb.Z2

10 12.1 .. , 0.61 b.)8 6.L2 7.22 6.10 6.87 29.67 29.87 16.23
20 12.40 A, U 6.6. 6.5 b6.43 23 6.10 6.,1 2'.67 ZY.87 16.23
30 1.0 i.45 Iq , 6.5t 6.3 7.23 6.10 6.87 ".67 29.87 16.2L.
L.0 12.LC, 10.1L. ,61 6.5'A 6.4) 7.'3 6.11 6.88 29.67 29.86 16.2L

50 10..6 6.61 6.58 6.43 7 .O 6.11 6.88 29.68 '29.88 1.21.
IA 12.u 1o.L6 b.61 6.58 C.41. 7.21 6.11 6.88 29.68 29.86 16.2,

70 i2.1. 10.6, 6.61 6.58 (,. 4L 7.24 6.12 6.89 29.60 29.8 1 6, 25
8 1.12 .4.7 6.1 5 . .t 6.41. 7.21. 6.12 6.80 29.68 29.86 2..26
>.6 .2 .4 1.1 ., .2? 59 6.!,L 7. as 4.12 6.90 20M.6 29.68 16.2h
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5200 12.L2 10.48 5.62 6.59 6.4, 7.25 6.13 6.90 29.6 29.U 16.06
10 12.42 10.43 6.62 6.59 6.45 '. Z 6.13 6.90 9.68 A.!. 1-.27
Z2 12.3 10.49 6.62 6.59 6.45 7.25 6.13 6.91 29.69 29. 8 6. 7

12.43 10.49 6.62 6.59 6.16 7.25 6.U4 6.91 29.69 29.08 16.28
L0 12.44 10.9 6.62 6.59 6.45 7.26 6.1k 6.92 29.69 29.88 16.28
so 12.U 10.50 6.62 6.59 6.45 7.26 6.14 6.92 25.69 29.88 16.28
60 12.", 10.50 6.62 6.59 6.4, 7.26 6.U 6.92 29,t9 29.5 10.20

?.4 10.51 6.62 6.59 6.A 7.26 6.15 6.93 29.4 ci.oi 14,29
., 4:;, 10.51 6.62 6.60 6.46 7.26 f.15 6.93 29.70 29.8 16.29

>U .,.Lo IU.24 0.01 ,1 O.L, i.z7 0.1> 6. A 29.70 29.5 5 16.30

5300 12.45 10.52 -.63 6.60 61.6 7.21 6.16 6.94 29.TO 29.88 16.30
10 12.L6 10.53 6.,f3 6.60 6.Z6 7.27 6.16 6.94 29.70 29.89 16.30
10 12.2,6 10.53 6.63 6.60 6.47 7.28 6.16 6.94 29,71 2989 16.31
30 12.46 10.5L 6.63 6.60 6.7 7.26 6.16 6.95 29.n 29.89 16.31
40 12.4j6 10.54 6.63 6.60 6.47 '.23 6.16 6.95 29.71 29.,9 16.32
50 12.0? 10.51 6.63 6.60 6.47 7 '1 6.17 6.96 29.71 29.89 16.32
60 12.07 10.5, 6.63 6.61 6.47 7.26 6.17 6.96 29.1 29.89 16.32
70 12.47 10.C5 C.61 6.61 6.48 7.2a 6.18 6.96 29.72 29.89 16.33

0 12.48 10.56 6.611 6.61 6.8 7.29 6.18 6.97 29.72 29.89 16.33
9c 12.4.8 10.56 6.64 6.61 6.48 7.29 6.19 6.97 29.72 29.90 16.33

5L O 12.. 10.56 6.64 6.61 6 .j 7.29 6.19 6.97 29.72 29.90 16.3
10 12.8 10.57 6.64 66... 6.43 7.29 6.19 6.9 29.72 29.90 16.-4
L;. 12.9 10.57 6.64 6.61 6.9 7.29 6.20 6.96 29.72 29.90 16.34
34 12.49 1o,56 6.64 6.61 6.19 7.29 6.20 6.98 2r'.73 29.90 16.35
40 12.49 Lo.58 6.64 6.62 6.9 7.3q 6.20 6.99 25.73 29.90 16.35
50 12.50 10.5!, 6.64 5.62 6.49 7.10 6.2 6.99 29.73 29.90 16.36

12.a I10.51 6.6t 6.62 6.1-9 7.30 6.1 ?.0 "171 29,90 16..6
70 12.50 10.-59 6.64 6.62 6.50 7.30 6.21 7.00 29.74 251-.90 16.36

1;..50 10.40 6.64 6.62 6.50 7.30 6.a1 7 M 29.74 29.90 16.37
90 12.51 10.60 6.65 6.62 '-.50 7.31 6.22 7.0 29.74 29.90 16.37

5500 12.l 10.61 6.65 6.62 6.50 7.31 6.22 7.aL 29.74 29.90 16.37

20 72.52 10.62 '.65 6.63 6-1 7.31 6.2.3 7.02 29.74 29.91 16.38
30 12.52 10.62 o.65 6.63 6.5! 7.32 6.23 7.02 29.75 Z9.91 16.38
40 12. ......... 65 6.63 63.1 7.32 6.23 7.03 29.75 29.1 16.39
50 12.52 10.63 6.65 6.63 6.51 7.32 6. 7.03 29.75 29.91 16.39
60 12.53 10.63 6.65 6.63 6.51 7.32 6.2h 7.04 29.75 29.91 16.h0
70 12.53 10.64 6.65 6.63 6.52 7.32 6.24 7.0 29.76 29.9 i.h.
80 12.53 10.64 6.66 6.63 6.52 7.33 6.24 7.0. 25.76 29.91 16-10
00 rj. 51, 10.66 6.66 6.63 6.52 7.33 6A25 70!. .- ... 29.1 16.41.

56C-3 12.54 10.65 6.66 6.63 6.52 7.33 6.25 7.0o5 29.76 29.92 16.41
10 12.54 10.66 6.66 6.63 6.53 7.33 6.25 7.05 29.76 29.92 16.12
20 12.54, 10.66 6.66 6.64 6.53 7.33 6.2 7.06 29.76 29.92 16.1230 12.55 10.66 6.66 4.6L 6,53 7.3. 6.26 7.o6 29.76 29.92 16.4240 12.55 10.67 6.66 6.64 6.53 7.37 6.26 .06 29.77 29.92 16.42
50 12.55 10.67 6.66 6.64 6.53 7.34 6.27 7.07 29.77 29.92 16o.3
60 12.56 10.68 6.66 6.64 6.53 7.34 6.7 7.07 29.77 29.92 16.43
70 12.56 10.68 6.66 6.64 6.54 7.34 6.27 7.06 29.77 29.92 16.41
70 2.56 10.6 6.67 6.64 6.51. 7.35 6.28 7.06 29.77 2-9.92 -6.L.
Ao 12.56 10.69 6.07 0.4 6.,5 7.35 6.20 7.08 29.78 k79.92 16.44'

VM73 12.57 1D.69 0.',7 6.65 .Sk 7.35 6.28 7.09 29.78 29.92 14.16
10 i2.57 IC6 70 6.67 6.65 6.55 7.35 6.26 7.09 29.78 ;9.92 16.45
20 12.57 10.,A0 6.67 6.65 6.55 7.35 6.29 7.10 29.78 29.92 16.46
30 12.58 10.77 6.67 6.65 6.55 7.Yh 6.29 7.10 d9.78 9.93 1.L6
f.o 12.58 1o.71 6.67 6.65 6.55 7.36 6."0 7.10 29.78 29.93 16..6
50 12.56 a..%' (.67 6.65 6.55 7.36 6.30 7.11 29.79 29.93 16.46
60 12.59 10.72 5.67 6.65 6.56 7.36 6.)0 7.11 29:79 29.93 16.47
70 12.59 10.72 C,68 v.'5 s.5 7.36 6.30 7.12 29.79 29.91 16.47
80 12.59 "0..3 6.oL 6.66 6.56 7.36 6.;1 7.12 29.80 ,.j 16.1.
7O 12.-A 10.73 6.68 ..66 6.2f6 7..s) 0.31 7.12 29.-80 29.j 16.8

5tw0 12.60 i0.7L 6.68 6. - 6.56 7.37 6.)l 7.1. k,9.ou 29.93 16.8
1 12?5 .. 6.6 6 ,6 6,5? 7.37 6.3 143 2, 9 2 ,93 1A, i-a
10 7?.61, 10.75 6.f, 6.66 6.57 7.37 6.1: 7.11 29.60 2;.r3 16.4.;
yj 12.61 3a.75 6.68 6.66 6.57 7.38 6.32 7.14 29.80 29.93 16.hq
La 1..61 L0.16 6.68 6.67 6.57 7.316 6..31 7.14 29.81 2.,93 16.50
50 12.6: 13.5 t 69 6.67 6.57 7.38 6.33 7.14 29.AI 21. IfS0

_7." 1 7 6 .t 6 6. 5e ,,: 7. " A 7 ?a5 29, . 76.50
70 12.62 10.77 6.69 4.61 6.5! 7.38 6.33 7.15 20.82 29.9L 16.51
eo 12.62 10.77 f.69 ..67 6,58 7.38 6.31. 7.16 9,82 9. 94 16.51

7]'..2 10. , v.69 0.67 6.58 7.39 6.A 7.16 29.82 29.9L )D.5i

Arthur D. Lt.tls.. In.
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5900 12.63 10.18 649 6.67 6.59 7.39 6 7.18 29.62 23.9 ) 6.52

10 12.63 W.o. 6.69 6.67 6.59 7.39 6.A 7.17 29.62 W94 16.5.

20 1..6, 10. if 6.69 6.6-7 6.59 7.39 6.3 .1? 
0

.. 82 29. .52

3o 12.64 109 6.69 6.6? 6.59 7. U0 6.35 7.28 2.82 29.94 16.53

LO 12.64 10.50 6.69 6.67 6.59 7.40 6.36 7.26 29.53 .1 16.53

50 12.64 1c.80 6.70 6.68 6.6o 7.40 6.46 7.16 2.lX 2j.f u.;;
l0 12.65 10.ai 647 6,6 6.6* 7.0. 6.36 7.19 29.63 29.94 16.54

70 12.65 10,81 6.70 6.68 6.60 7.40 6.36 7.19 29.63 29.94 16.5L

Ro i.2.67 10,^ 67 66?66 7.W2 6.3i 7.2v V.1 w 9.95' VA i90 12.66 10.82 6.To 6.68 6.60 7.41 6.37 7.20 29.8. 2. 16.55

6000 12.66 10.62 6.70 6,68 6.60 7.1 6.37 7.20 2.84 29.95 16.5

10 12.66 10.,k' 6.7e 6.6a 6.61 7.a 6.37 7.20 29.8L 29.95 16.55

20 12.67 10.83 6.70 6.68 6.62 7.42 6.3 7.21 29.84 29.95 )6.;,

30 12.67 10.8. 6.70 6.69 6.61 7.12 6.38 7.21 29.&L 29.5 16.56

40 12.67 10.84 6.71 6.69 6.61 7,k2 6.39 7.22 2.6 29.95 16.56

50 12,68 10.85 6.71 6.69 6.6U 7.42 6.19 7.22 29.8 29.95 16.57

60 12.68 10.5 6.71 6.69 6.62 7.2 6.39 7.4 29.85 r-9-5 U..57

70 12.68 10.085 6.71 6.69 6.62 7.43 6.40 7.23 29.85 29.5 16.57

80 12.60 10.86 4.71 S.69 6.62 7.ij 6.L0 7.623 29.65 29.96 16.58

s0 2,69 10.86 5.7 6.69 6.62 7.43 6.40 7.24 29.86 29.96 16.58

6100 12.69 Uo.87 6.71L 6.69 6.62 743 6.4C 11.2L. 29.86 29.96 !6.58

70 12.70 1c.67 6.7 6.70 6.63 7.6 6.1 7.24 29.86 29.96 26.55

20 12.70 1. 88 6.71 6.70 6.63 7.44 6.4,. 725 29.86 29.96 16.55
30 12.70 T .38 6.71 6.70 6.63 7." 6.1 7.25 29.6 29.96 16.51

40 12.70 1).8 6.72 6.70 6.3 7.4 6.42 7.26. 29.87 29.96 16.60

50 12.71 13.89 6.72 6.70 6.63 7.64 6.4.2 7.26 29.87 29.96 16.60

AO 12.71 '.0.89 62.1 6.10 6.6L 7.U 6.L2 7.:6 29.87 29.96 16.60

70 12.71 0.90 6.72 6.70 6.6 7.46 6.43 7.27 29.8 29.96 16.60

80 12.712 10.90 6,7 .6.n 6.6. 7".7 6.0.3 7.27 29.68 29.96' 16.61
1276.7 6.64 7.06 6. U 7.26 29.88 29.96 16.61

6.00 12.72 .0.951 6.72 6.71 6,65 7.16 6.44 7.28 29.88 29.97 16.62
- - -1.72---- -1.---------------6.L.. 7.20 2946 29.97 16.62

20 12.73 1.0.9 6.72 6.71 6.65 7.46 6."1. 7.29 29.88 29.9T 16.62

30 12.73 30.93 6.73 6.7 6.65 7.h7 644 7.29 29.05 29.97 16.62

.0 IL.73 20.93 6.73 6.72 ". 6 .5 7.b6 6. 7.30 29.88 29.97 16.63

50 12.74 N-0.93 6.73 6.7 6.65 7.46 6.6 7.30 29.88 29.97)o 16.53

AO 1c.74 10.94 6.73 6.72 6.66 7.46 t S 7.30 2 .89 29,97 16.6

70 12.74 10.94 6.73 6.72 6.66 7.47 6.16 7.3 29.89 29.1 26.64

80 12.75 1L.9L. 6.73 6.72 6.6- 7. 7 6.46 7.31 29.89 29.97 16.64

90 12.75 10.95 6.73 6.72 6.66 7.41 6-.6 7.3 29.. 29.9e 1.,-

63 i2.a' V% 95 6.73 6.72 6.67 7.47 6.6 7.32 29.90 29.98 16.65

10 12.76 10.96 6.73 6.72 6.67 7.47 6.4? 7.32 29.90 29.98 16.65

20 12,76 10.96 6.73 6.72 6.67 7.47 6.47 7.32 29.9V 29.98 16.65

14 12.76 10.0 6.74 6.73 6.67 7.48 6.48 7.33 2?.90 29.96 16.6

50 12.77 10.98 6-.7i 6.73 6.68 7. 50 6.1-0 7.1. 29.91 2.9 l

60 12. 7 10.98 6.7L 6.73 6.1A 7.45 6.1 7.34 29.91 29.98 16.67

70 12.77 10.99 6.74 6.73 6.78 7.40 6.48 7.34 29.91 29.98 6 .67
!0 122.78 10.99 6.74 6.73 6.68 7.50 6.49 7.35 29.31 29.99 16.67

10 12.?! 11.00 6.74 6.73 6.68 7.09 6.02 7.Z 29.91 29.98 16,67

60 12.78 12,00 6.7L 0.73 6.69 7.49 6.50 7.35 29.7 ?r -).9c =.o

10 1 .79 1 .01. 6.74 6.73 6.69 7.49 6.50 7.36 21'.92 29.Y8 11.46
20 12.79 . .01 6.75 6.73 f.'-9 7.49 6.50 7.36 29.92 29.99 16.68

30 12.79 12.01 6.75 6.74 6.4'L 7..9 6.50 7.36 29.92 29.99 16.69
LO 12.80 11.02 6.75 6.74 6.70 7.50 6.51 7.37 29.92 29.9 16.69

50 12.60 11 .(2 6.17 6.7L 6.70 7.50 6.51 7.37 2Y.93 29.99 16.69

60 12.80 11.03 6.75 6.74 6.70 7.50 6.51 7.38 29.93 2Y.99 16.2

70 12.80 11.03 6.7 6 .74 6.70 7.50 6.52 7.38 U. .91 29.99 16.70
Lo i2.2.1 1o.3 6.75 A.' 6.70 7.50 6.52 .3 Y.33. Z"ty9 16.70

go 12.81 U, U, 6.75 4.74 6.74 ?.40 C.52 7.09 29.93 29.99 16.73

65w3 :2.8? 11.04 6.75 . 11 7.h .>. ('.5 2 7 xo iv~.*4 29.39 16.71
1c 4.c- ul.0 6.715 6.7L 6.71 7.S1 6.53 7f.id0 ;?. 30.00 1).??

20 12,7 11.%5 6.76 6.115 e.'1. 7.c1 6.53 7.LC 29.9t. 30.00 16.72

30 )2.62 u2.0 6.76 6.75 6,71 7.52 6.f4 7.W0 29.%g 30.00 16.72

L0 12.83 U.Wi. 6.76 6. 75 6.71 7.52 6.5L. -r.- 29.9L 30.00 16.72

50 12.bj 11.07 6.76 (.,75 6.72 7.52 6.54 7.41 29Q.905 30.00 16..')

70 1 .&. U,1.07 6.76 fi.75 6.72 7.52 6.55 1..? 2995 Y'00 16.71
.o . . 6.76 6.75 6.72 7,52 6.55 7.03 29.95 30.00 16.7 h

9 1: .14 1.L; 6.76 ,. 4. 7 . ip.53 6.56 7.43 29.95 )0.00 16,74

Arthur P, Little, in.
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6600 12. S 11.09 6.77 6. ,6 6.73 7.53 6.56 7.43 29.96 30.00 16.74
10 12.85 11.09 6.77 6.76 6.73 7.53 6.56 7.1.) 29.96 3o.0. 26.75
20 12.85 11.10 6.77 6.76 6.7! 7.54 6.6 7.L4 29.96 0.00 16.75
30 12.85 .110 6.77 6.76 6.73 7.l. 6.57 7.U 29.96 30.00 16.76

12.86 1.10 6.77 6.76 6.7h 7.54 .? M4. , 29.96 30.00 16.76
50 1.6 U11 67 t- A:71. 10 mI

00 12.86 .10 6.77 6.76 6.7 7.,5. 6.57 7.16 29.97 30.O 16.77
70 i2.d6 U.12 6.77 6.76 6.7. 7=' !.5t 7.6 29.97 30.01. 16.77
80 li.w II.IL. a.7 6.77 6.74. 7.55 6.58 7.h,6 4.97 30.01 16.77
90 12.87 U1.12 6.7 6.77 6.75 7.55 6.58 ?.I6 29.57 30.01 16.78

6700 12.88 1.1 6.77 6.77 6.75 7.55 6.58 7.47 29.95 30.0 16.7
10 12.88 U.13 6.7a 6.77 6.75 7.56 6.58 7.k7 29.96 30.01 16.76
.0 12.88 1.1. 6.78 6.77 6.75 7.56 6.5; 7.47 29.96 30.02 16.79
30 1.0-0 1.1. 6.78 6.77 6.5 7.56 6.59 7.8 29.9 30.02 16.79
.0 12.89 11.15 6.78 6.77 6.76 7.56 6.690 ?.h 29.98 30.02 16.79

50 12.89 1,.15 6.78 6.77 6.76 7.56 6.60 ?.48 2*.9 0lo.02 16.70
60 12.89 11.16 6.78 6.77 6.76 7.56 6.60 7.0. 29.99 30.02 16.80
70 12.90 1U.16 6.76 6.77 6.76 7.56 6.40 7.49 29.99 33.02 16.A0
80 12.90 -11.16 6.78 6.77 6.76 7.57 6.61 7..4 29.99 30.02 16.8
90 12.90 .1.7 6.78 6.77 6.77 7.57 6.61 7.53 29.99 30.02 I..8

6O&D 12.91 11.17 6.78 6.76 6.77 7.57 6.61 7.50 30.00 30.02 16.81

10 12.91w .1.18 6.78 6.78 6.77 7.57 6.62 7.51 30.00 30.02 V).&
20 12.91 U.18 6.78 6.78 6.77 7.53 6.62 7.51 30.00 30.02 16.82
30 12.92 11U.19 6.7 6.78 6.77 7.,Q 6.62 7.52 30.00 30.02 16.82
1.0 12.92 11.19 6.79 6.78 6.76 7.58 6.62 7.5? 30.00 30.02 .442
So 1.y 11.20 ,4.79 6.9 6." 7.56 6.63 7.52 30. 30.03 16.82
60 12.92 1.20 6.79 6.79 6.78 7.58 6.63 7.53 X.0 30.03 16.83
70 12.93 21.20 6.79 6.79 6.78 7.58 6.63 7.53 30.01 36.03 26.8
80 12.9" 1.21 6.79 6.79 6.79 7.59 6.64 7.53 30.( 30.03 16.83
9o 12.93 1.21 6.79 6.79 6.79 7.59 6.61 7.54 30.0 30.03 16.81.

6900 12.9 U3.22 6.79 6.79 6.79 7.59 6A 7.54 30.02 30.03 !6.8h4
10 2.94 , .2 6.80 6.79 6.79 7.59 66 7.5. 30.02 30.03 16*.84
20 12.94 1. 23 6.80 6.80 6.79 7.60 6., 7.55 10.M 30.03 16.84
30 12.95 1.23 6.80 6.80 6.79 7.60 6.65 7.5 10.02 3G.03 16.5
1O 12.95 11.24 6.80 6.80 6.80 7.60 6.65 7.56 50.02 30.03 16.85
5o 1.o,5 u.24 6.80 6.80 6.80 7 .-50 6.66 7.56 30.01 3o.04 16.86
60 12.96 u.2.4 6.80 6.80 6.80 7.60 6.66 7.56 0.03 30.04 16.86

70 12.96 1. 25 6.80 6.60 6.80 7.61 6.6. .5 30.03 30.oL 16,A6

.":.x U.5 , . 6. 6.6C# 6.vo 7.61 6.67 7.57 30.03 30.04 16.86
90 12.96 11.26 6.80 6.80 6.80 7.61 6.67 7.57 30.04 30.04 16.87

-kr't~" D. Litl-)@, Ine.
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2. The relative contribution to the pwz~'r of hilgh explosivCa os
a number of metals, including among'-3thars ealuminu", boron,
beryllium, ragnesium and litliua and jjqsibly eoi -,-f tLhelr
Ihrdridesi ~ ino

- .Tho effect of the adtoofhig-nitrogen or other hIgh
I enior& compound3 to iallized exploaiven; and

The relationwifio betaieen tha varla u "-~t -- ue 4.,,,L.A

- - ~ing Lallistic worW, lead block. co~4,n
- blast.

The details of, such a program muist a.-.tt t1" (;oPld;"on of a Stu41
* ouau atALLU4~id oxplaalve'* which is nwi undervV~.

-- In Table i)46 there amt listed pure comounds cAlculated to ha-vr
powers ir. excess ofli, Z0%7NTp ti- hiwaiw aq frr iazured or calculutod for
a~ -- £nown puroe copoU z~d- MEiJLhA. It ia rdCUM Onldd that if fev.-zible, one (r
more of thesq; coumed be aryiithesiaed and inasured ip tL2. £cL 4 g&ix
aad bl.~~~ia1jock.

;P& ilr ciscreparciez exiLat44n btst--fazibasrid and calcul- ad
- poz\'jr fori cznpound -J- f largo joitive u~yguei balance, numbers 130;7 4iu, JZ1

-7p 'fa3?.(tble; 11j6 ) should probably' be inivem -Ugated furtW--b~ ~a.v
-ment ofcczpounda- i 6 anid J27 and '41W othlea of bi~h positi e oQ'g~n balance
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1. Avrojet gi.ui~ Corp., RootNo. 512, Contract N7 onr 4 46208B t

M. Hj. Gold and A. 0' L~Je -Ljurna 1951). CI- 91DU)LL

S 2. J. 5. Irtlour, J:App. pkvsy., 21. 732 (150). Tb&ispeuc.ric baata
of W, TIJ iw&d~ZrO at hJigh toreratur-ezz"

__ t= 41 .v n. oii~~LW1-2---46( Janjuary 14).I.,& of P._lsvepmcs Part 1. ofr1~i wOLIC;
srcuevith 4,Vloaive properties;Eo xsdi- OFDn

Arthur D. Littloj.Inc., Contract W-19-020ORDZ16 (2 April 19147).

'Sudy of pure i~ilosive corapownd. Part II, ' Currol~tis uf LIAWiVo19quantitiau with siploaive propertes". C0JFTjD~AL

j 5. Arth D. Little, Inc., CoiitruL.t W-19-020..OfttD-12 (1 M~y 1950).

6. M tudb c;' pure explosive* coxqpowid. Part II, Corrsla~ioa of,

6.Axthwr D. Little, Inc., Contract W-19-0Q20-ORij-616 and D-19-020-
- - O-.1-l4a- 1951). 0.econd report on syntlasais arA to

K of7 rughI wcpsivss". pp. .16Ym311. CUJFIDENJUAL Se" al-Po
ArttairD 0. highla 7e-. o i--.

IAbza~~t Of wurk perfe.ned uadwr coatract fl&-19-020-ORD-=12 with
O fft a"of t k* Ch~le 01 udrAf--l M . 0-a 0) w.,.dber.L

5 L~.uri valuab o ce.dc th

eynomVi' properties. Series I and 1U". U. S. Dept. of Co) cb,

tWait 0t.fLng , D. C. ()0 June 194J7).

4, WAV-1. 07di-~ T-b;-0j 7t$Q Ln Oi id prograz to devel~op an
*improved H-typij exploiv". Nav~rd Report 1502, 26 .JUIa2 1950.

.41-afloA~ -t at Lie--

(23 Ndoviaber 1942) RES27aCTM

1 11, 4. C. Southard, j. t.m. Chemi. Soc., 6.3 3104 (19141). "Th& therm&1
properties of crysta1±nt and s~ay born tzeioAide".

! 12..- A. Thuret, J. Sac. Glass Tech., Q 6 WO-84 (1936). "Calculat',on'
of the svvcfic hwat4 Of v-ItA1-.n. el14.- and mprat-o -

as funwt±on3a o.± the tavmperature '
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-- Atti Kr. F. J. Fo&ttor

*27 Dr. Ralph Corn~r, Rohn and Ha"a Co. a 5000 Ric"=d~.

26 U. L. Rubr Co.2 Nowal Lobw Atuvlea, PttL.-kic, W. J.
Attit Dr. P. 0. TwrAy
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Copy' b"'o- U0. of captain

-29 Zujivraity of Louisvlli. Wzot. of t.iltry.
Louiayil-e, Ky.-

-. Attin' Prof. fl. H. Wiy
3Q Uwliv(r±t7 of m!7nd, Dapt~. 02, Chauitry,5

- 1oleg Park, Md.
- ktMa: Dr. H. L. Drake

31 Dr . Holtz, !Th~au of Mtne 4800 Forbas st.,
Pittaburghp It.

*32 1k. Bernard Levi, Bur~au of (ins.'B0 Forb..a St.,

)):37 offie, Chief of Chaincal Cmpe, Ron. aDayv. Div.,
1S~igtuo25, D. 0.

* h±.~Ionaij.--AI of St4&ndarda, Or&. Dow. MY*.,

- 39,iO - DSroctor, Resbarch ard Dove!*,puntp UU,
vah.'ngton 25; D. C.

_-Dpt. Lijwary, Cataloeidng an Accessioos,
Pantagon, U"Unton 25 D. C.
Ittas V. A. Schimfew

~ -1i~ J, Arm~ed Servii.tr Ewplom Ive S~fety Bzard,
-- - Washiiwton 25~. D., C.

IAmi Fa-j3 ~ o ery Couiuiwip, 1901 Cvatitut4csAv.,
Umh4ngtan D~ . C.

- Attas MIA

I P.O. Box 540X), Albuqjuarque, N. N.
& I&-49 A,-j Sarvices ?.ch Info Agmay, Docw-t aarvia* C-ezdar,

* U. B. Bldg., Daytcr* 2, Ohiio

50 Ckmda Gnol U. .3. Air Force, Washitn-m2., D. C.

51 Office, Chiot of Ccxginvarm, Ow-avelly Point, Washington, D. C.

52 Egimaer IRaQ6&rch and Devlopmnt Laboratories, Pbrt H--711ofr,

V.-a Attus R. L rm-
53 Cmming General, Arvq Field For-ces, Fort Mouroes Va.

Ittn., Ass' Caaf for H and D

Ltt4&! C .A* . Tabr
F. Sterns

Cf&SflC School1

59 Cowmmnding O1ffiver, Fruarkord Artml Ni.adesj~hia
37, Pa.

- - -~1',61, "Car,~i.J eAt.h...U- 5ULd~a LUD%., B.-.-

Itta: Tvch. Div.

C011FIrNTTA L



~~x2~2A No. 0f Cop)ieN

- -- 1Uin~aillb, Ala.

r~il, Ala. 
-I

64 Dr.Durcan M~ouall, Los Alrmod acientitic
Laboratory, lam Al.amo, a. M.

Military Acad-*W, *ast Point, n. T.
*z:I' or~ G1 ,timise 212uro -f a.L( rtje irive,

"I~k Univeraltyg Lvu)w~kAa W. C.U7 Atlas Pewder Oowasq Rajoolda Z Lab.,

Attl Lx. W, J. Taylax, e-

69 I~r L. Evans, Kiwna Resi. and Dow. Corpj.A
250 Lust 143rd St., Now Tork, IL T.

0. ta. LIalHvlr arvarjiTi~set
Der't. of t~4Idstry, Cawbridgs, Has.

171 fr .. 1 al ~~ nPowder Co.,
- -Wi~nt~99, 1)z1.

'2i. a Qde='f of 01don a- Waiiiltem.25, D.C,
Attani OR~flK-J_. C. M. Saib

73 Office, Chief 6lr o n~a Urn8 
1, 'n', ) .

- ~ f~ce ~iiofof Cr d.4.~. nazhinR , r , iJ Uj - Attnt OIRflT-AR, Kra. u.- R. yi)ers
75 Orffi, Chief of OriWntOc, Wajhi"j&tm 25s D. C.,Attsu ORDLY.-3 A Col. C. S. flsed =76-102 OQ), Chief$ iimnit~aa Br, =ST, Be". and Dow. MYr.

Wahingto 25, D. C.
Rr I. H.uttletcn 2

Kilitary Attaoh9, Londoa, Cr~lad
'iih oint 351rvIces Mission, Te.,hric~a1 56a 7ifuu.,.1

-.- Ro . -lO I. ;k*?dIrt4;gn, D. .

Att~n: Miss wAry 0. Scott5
British Joint _-rs-iceu Miaaiaa, NMe,a Staff,

Sox 165, Ilamjii~rmi Pranklin st~itioa. _anJhington,
D. C., Atta. Corn. Carew Hunt2

k1itish Miaia$.ry of supply, &RE, Main 131dk.
rv)YTk1 Arxsenal, Woolieh, $913, England
Attn: Wh. R. J. pools

llritich Ministry of Supply, Shell-Max House,
Strand, London WC2, &-land

*Dr R. --. - - D. -

*Atu -D..- ' Little, Io.
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I INSThUCTONS: TN.s von%@ to sasonlra IkY A* TIA CATALO-AU &C.UNb8l V fl J7 -!
buja~lft PA498.
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1
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~Ave


