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I, SU.aARY

A, This qﬁarterly répﬁrt is submitted under Contract NT7onr-L6208 and
covers the period 1 August through 31 October 1953.% The objectives®¥* of the
contract are threefold:

1. Synthesis and physical studies of new high-energy polynitro
compounds as potential explosives.

2. Desensitization of RDX with materials that will not lower
the oxygen balance appreciably.

3. Development of bomb and shell casings made of an explosive
plastic. '

B. The more important results and conclusions are presented below:
1. Three polynitrocarbamates were synthesized:

a. 2,2,9,9,16,16~Hexanitro~5,13-diaza-6, 12~diketo-
7,11~dioxa-heptadecane (I) from 3,3-dinitrobutyl isocyanate amd 2,2-dinitro-
1,3-propanediol.

b. 1,1,1-Trinitro-3-oxa=l-keto-5-aza-heptane (II) from
ethyl isocyanate and 2,2,2-trinitroethanol.

Ce 1,1,1, 8 211, 18 » 18 s lB-Octanitro-—3 ’ lé—dioxa-h » 15—dike to-~
5,8,11,1li~tetraza-octadecane (III), from 3,6-dinitraza-l,B8-octane diisocyanate
ard 2,2,2-trinitroethanol.

2. Three postnitrated polynitrocarbamates were prepared:

a. 2,2,5,9,9,13,16,16-0ctanitro-5, 13~diaza-6, 12-diketo-
7,11-dioxa~heptadecane (IV) by the nitration of I.

b. 1,1,1,5-Tetranitro-3-oxa~L-keto~5-aza~heptane (V)
by the nitration of II.

Previcus work on this contract was covered in Aerojet Reports No. 512,

538, 562, 589, 621, 637, 660, 682, 711, and T737.

Recently a conference was held with representatives of the Bureau of
Ordnance and the objectives of the contract were changed. In the future,
emphasis will be placed on developing new synthetic methods for the prepara-
tion of explosives and new types of explosive compourds. Work on the
desensitization of RDX will be discontinued, and the development of bomb

and shell casings made of an explosive plastic will be postponed.

K
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Ce 1,1, 1, 5 ’ 8 s11, lhn 1.8’ 18 N 18-D8 canit.ro-B ’ 16-(110}(3"')4) 15—diketo-
5,8,11,1L~tetraza-octadecane (VI) by the nitration of III.

3.  Two aliphatic secordary polynitronitramines were prepared.

a. Cordensation of 2,2,2-trinitroethancl and 3,6-
dinitraza-1,8-octane diamine gave 1,1,1.6,9,1h,1h,1k,1k-octanitro-3,6,9,12-
tetraza-tetradecane (VII). Nitration of VII yielded 1,1,1,3,6,9,12,1kL,1h,10-
decanitro-3,6,9,12-tetraza-tetradecane (VIII).

b. Cordensation of 2,2,2-trinitroethanol and 3-nitraza-
1,5-pentare diamine gave 1,1,1,6,11, 11, 11-heptanitro-3,6,9~triaza-undecane
(IX). Nitration of IX yielded 1,1,1,3,6,9,11,11,11-nonanitro-3,6,9-triaza-
undecane (X).

L. N,N'-bis(3,3~Dinitrobutyl) oxamide (XXI) was prepared by
the condensation of 3,3-dinitrobutyl amine ard ethyl oxalate. Nitration of
XXI gave N,N!'-dinitro-N,N'-bis(3,3-dinitrobutyl) oxamide (XXII).

5. Four 2,2,2-trinitroethyl esters were prepared from the
corresponding acid chloride, 2,2,2-trinitroethanol, and a catalytic amount
of anhydrous alumirum chloride.

a. 915(2.2,2-Trinitroethyl)—h,h-dinitroheptane—
dioate (XXIII).

b. bis(2,2,2-Trinitroethyl )-L-nitraza-heptanedicate
(XXIV).

¢e  bis(2,2,2-Trinitroethyl)-l, 7-dinitraza-decane-
dioate (XXV). '

d. 2,2,2-Trinitroethyl-3,5,5-trinitro-3-aza-
hexanoate (XXVI).

6. An alternate synthesis of l-nitrato-3,5,5-trinitro-3-aza-
hexane (XXVIII) was made and its structure confirmed.

7. 2,4, 4-Trinitro-2-aza-amyl isocyanate (XXX) was isolated,
purified, and proved to be extremely unstable and dangerous at room tempera-
ture.,

8. Twelve of the new compounds were submitted to the Naval
Ordnance Laboratory for evaluation as potential explosives. The preliminary
evaluation of many of these compourds is described.

9. SPIA data sheets have been completed on 16 compounds and
are included in the appendix,

10. A summary of the heats of formation and oxygen contents of
the explosive compounds prepared on this pronram has been compiled,

Page 2
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II. TECHNICAL PROGRESS: SYNTH«SIS OF NEW HIGH EXPLOSIVES

A, INTRODUCTION

1. The present explosives program is directed toward the
synthesis of new, stable, high-energy polynitro compounds with a preferred
oxygen balance on the positive side or very near zero on the negative side.

24 This report describes the synthesis of aliphatic polynitro-
carbamates, polynitronitramines, polynitronitramides, polynitroesters, and
polynitronitrates.

B. PREPARATION OF ALIPHATIC POLYNITROCARBAMATES
l. Discussion

The preparation of aliphatic polynitrocarbamates for evalua-
tion as high explosives has been previously reported.”® This work is being
continued,

a. The following aliphatic polynitrocarbamates were
synthesized:

(1)  2,2,9,9,16,16-Hexanitro-5, 13~diaza~6,12-diketo~
7,11-dioxa~heptadecane (I) from 3,3-dinitrobutyl isocyanate and 2,2.dinitroe
1, 3-propanediol:

'NO NO NO OH NO

2CH3?CH20H2NCO + ?—— CHEOH ?————ﬁ ?—- CH2OCNCH20H2?CH3 )
N02 NO2 NO2 L NO2

(2) 1,1,1-Trinitro-3-oxa-l-keto-5~aza-heptane (II)
from ethyl isocyanate and 2,2,2-trinitroethanol:

H
CH30H2NCO + HOCH20(N02)3~———% CHBCszCOzCHZC(NO
II

2)3

(3) 1,1,1,8,11,18,18,18-0Octanitro-3,16-dioxa-k, 15~diketo~
5,8,11,1h-tetraza-octadecane (III) was prepared by the addition of two moles
of 2,2,2-trinitroethanol to one mole of 3,6-dinmitraza-1,8-octane diisocyanate:

* Aerojet Reports No. 562, 589, 621, and 737.

Page 3
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NO2 NO2 H .
CH,, NCH,,CH,,NCO ) + 2HOCH,,C(NO, )3 CH,,NCH,,CH,,NCU,,CH,, C(NOQ) 3,
ITI
b, Two new alcohols, 2-nitrato-ethanol and 2-nitramino-~

ethanol, were investigated as intermediates for the synthesis of high-energy
polynitrocarbamates. These alcohols were treated with 3,3, 3-trinitropropyl
isocyanate and 3,3,5,7,7-pentanitro-5-aza~1,9-nonane diisocyanate to give
oils. Crystalline solids could not be obtained by the nitration of these
oils. This is in contrast to the many solid post-nitrated polynitrocarbamates
that have been prepared from such intermediate oils.

2 Experimental

The general procedure employed was to reflux equivalent
quantities of the alcohol ard isocyanate with a catalybtic amount of ferric
acetylacetonate for 6 to € hours in dry chloroform or ethvlene dichloride
solution, and concentrate in vacuo. The results are summarized in Table I.

C. PREPARATION OF POSTNITRATED ALICHATIC POLYNITROCARBA-ATES
1. Discussion
The following wostnitrated aliphatic polynitrocarbamates
were prepared by the nitration of the nitrocarbamates described 1n II,B

with a mixture of 1002 nitric acid and acetic anhydride at 5 to 10° C.

a. 252, 5 3929, 13: 169 16-Octanitro—-5 ’ 13-diaza-b6 s 12~diketo~
7,11-dioxa-heptadecane (IV):

NO 0 NO NO o NO

} 2 ] /I’I 2 HNO 2 ’_ Y 2 { 2

Ceem CHQOCNf‘hQCHz(]?CH . 3_, (I:.- {-CHZOCNC‘IQCA CCH3 )

N, N, 2 O, NO, =
I Iv

b. 1,1,1,5-Tetranitro-3-oxa-li-keto-5-aza~heptane (V):

H ' NO
s |2
HNO .
CH,CH,NCO,CH,C(N0,) 5 o 3y CHCH,NCO,CH,C(NO,) 5
II v

Ce 1) l, l, 5 » 81 11: lh] 18) 18’ 18-Decanitr0—3, lé'dioxa"
L,15-diketo-5,8,11,1~tetraza-octadecane (VI):

Page L
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II Technical Progress, C (cont.)
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N02 H HNOB §02 NO2
CH2NCH20H2NCO CH,C(NO, ) 5 2_16;6'7 CH,,} VCHQCH2N002CH20(N02) 3,
III VI

2. Eerrimental

a. The general procedure used was to cool the 100% nitric acid
to 0 to 5 C and add the acetic anhydride dropwise, keeping the temperature below
10°C., The solid nitrocarbamate was added portiomwise at 5 to 10°C. (Ten ml of
100% nitric acid and 10 ml of acetic anhydride was used per gram of nltrocarbamate.)
The solid dissolved readily, and the solution was stirred for 20 min at 5 to 10°¢c
and poured on ice. The white solid was collected, washed with water, and dried
in vacuo over potassium hydroxide.

b In the instance in which the nitrocarbamate was an oil
(compourd II), the 0il was dissolved in the acetic anhydride and the solution was
added dropwise to the 100% nitric acid, keeping the temperature at 5 to 10°C.
Ce The experimental r esults are summarized in Table II.
D. PREPARATION OF ALIPHATIC SECONDARY POLYNITRONITRAMINES

1. Introduction

The preparation of aliphatic secondarv polynitronitramines for
evaluation as high explosives has been continued.* This class of compourds, which
is high in explosive power, is prepared by the Mannich condensation of a polynitro-
alcohol and a polynitroamine, followed by nitration of the secondary amine:

i HNO Noﬁ
RNH, + HOCH,R'— RNLH Rt O30 Rich R

2. Preparation of 1,1,1,3,6,9,12,1h,1l,1,-Decanitro-3,6,9,12-
tetraza-tetradecane

a. Discussion

(1) The condensation of two moles of 2,2,2-trinitro-
ethanol with one mole of 3,6~dinitraza-l,8-octane diamine gave 1,1,1,6,9,1kL,1l,
1L —octanitro-3,6,9,12-tetraza-tetradecane (VII), a bright yellow solid, mp
100 to 105°C dec. Nitration of VII with a mixture of acetic anhydride and 100%
nitric acid at, low temperatures gave a gummy solid which was difficult to purify.
Howewer, when VII was nitrated with a mixture of concentrated sulfuric acid and
100% nitric acid at 50°C, 1,1,1,3,6,9,12,1);, 1), 1li~decanitro~3,6,9,12-tetraza—
tetradecane (VIII) was formed. VIII is a white crystalline solid, mp 166 to
1679C, with a calculated lead-block value of 162 and a calculated ballistic-
mortar value of 156:

¥ por previous work see Aerojet Reports No. 621, 660, and 682.
Page 6
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NO

‘ 2 N02 ?
|
[éHzNCH2CH2NH2'HC1 ) + 2(N02)BCCH20H + 2NaOH —— CH2NLH20H2NCHQC(N02);}2

TII

o, W HNO, o N0,
GH, NCH,,CH, NG, G(NO,,) 5 Ty CH NCH,CH,NCH,C(NO,,) 5 .
VIT 27h VITI

(2) Compound VIII was purified by recrystallization
from concentrated nitric acid, and the analyses were in close agreement with the
calculated values. However, it has been noted in the past that solids recrystal-
lized from nitric acid usually retain a small amount of occluded solvent, which
catalyzes the decomposition of the compound during thermal stability tests at
elevated temperatures. Thus, a true criterion of the actual thermal stability
may not be obtained. For this reason, a solvent other than nitric acid was
scught for the purification of VIII. It was found that the product, after
recrystallization from nitric acid, could be recrystallized from acetone,
raising the melting point from 166 to 167°C dec to 167 to 169°C dec. However,
the analysis and heat of combustion values for the acetone-purified product
differed greatly from the calculated values. No ready explanation was apparent
for this behavior.

b. Experimental

(1) A solution of 69.5 g (0.38 mole) of 2,2,2-trinitro-
ethanol in 250 ml of water and a solution of 1,7.0 g (0.19 mole) of 3,6-dinitraza-
1,8-0octane diamine dihydrochloride in 250 ml of water was placed in a one-liter
three-necked flask, fitted with a mechanical stirrer, thermometer, and dropping
funnel, Then a solution of 15.3 g (0.38 mole) of sodium hydroxide in 100 ml
of water was added dropwise in 25 min, the temperature rising from 23 to 25°C,
The bright-yellow solid which precipitated was collected and dried in vacuo
over potassium hydroxide. The yield of crude onroduct was quantitative, mp
100 to 1059C dec.

(2) A mixture of 500 ml concentrated sulfuric acid
ard 550 ml of 100% nitric acid was cooled to 20°C and, with good stirring,
56.2 g (0.1 mole) of the above-mentioned vellow solid was added. The reaction
mixture was heated to 50°C within 30 min, held at this temperature for 20 min,
cooled, and poured on ice. The white solid was collected, washed with water,
and dried in vacuo over potassium hydroxide. The yield of crude product was
quantitative, mp 149 to 155°C. Three recrystallizations from concentrated
nitric acid gave white needles, melting at 166 to 167°C,

Page 8
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Anzl, Calc'd for C10H16,N1u0?.o‘ #C, 18.L1; %H, 2.L7; &N, 30.06
Found: - %0, 18.22; #H, 2.38; %N, 29.86
Heat of Combustion, AHp, Predicted: 2321 cal/g
Fourd: 2222 cal/g

Racrystalllzatlon of the above compourd from acetone gave a white solid,
mp 167 to 169°C. o

Anal, Found: #C, 20.76; %H, 2.79; AN, 28.37; AHp, 2583 cal/g.

3. Preparation of 1,1,1,3,6,9,11,11,11~Nonanitro-
3,6,9-triaza-undecane

a, Discussion

The condensation of one mole of 3-nitraza-1,5-pentane
diamine and two moles of 2,2,2-trinitroethanol yielded 1,1,1,6,11,11,11~
heptanitro-3,6,9-triaza~urdecane (IX), a yellow gummy solid. Nitration of
IX with a mixture of 100% nitric acid and concentrated sulfuric acid at SOOC
gave 1,1,1,3,6,9,11,11, ll-nonanitro-B 6,9-triaza-undecane (X), a white
crystalline solid, mp 157 to 158°C, with a calculated lead-block value of
175 and a calculated ballistic-mortar value of 157:

NO2 ?OZ ? |
N-—- CH2CH2NH2-HC%J2 + 2(N02)BCCH OH +.2NaOH — N——=[§H20H2NCH C(NOZ)%J
[
&9 l 2 ?02
— ICH CHZNCH C(NO ) -—————9 Ne— CHQCHZNCH C(NO )
2 H SO 2
X

Compourd X was recrystallized both from concentrated nitric acid and a mixed
solvent of acetone and chloroform. In both cases the analyses checked well
with the theoretical values.

b. Experimental

(1) 4 22,1-g (0.1 mole) quantity of 3-nitraza-1,5-
pentane diamine dihydrochloride, 36.2 g (0.2 mole) of 2,2,2-trinitroethanol,
and 75 ml of water was placed in a 500-ml three-necked flask, fitted with a
mechanical stirrer, thermometer, and dropping funnel. A solution of 8.0 g
(0.2 mole) of sodium hydroxide in 50 ml of water was added dropwise at room
temperature, A yellow, gummy solid was precipitated, collected, and dried;
the weight was 15.7 g.

Page 9
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(2) A mixture of 150 ml of concentrated sulfuric acid
and 175 ml of 100% nitric acid was cooled to 20°C and, with good stirring, 15.7 g
of the above-mentioned yellow, gummy solid was added. The reaction mixture
was heated to 50°C, held at this temperature for 30 min, cooled, and ooured
on ice. The white solid was collected, washed with water, and dried in vacuo
over potassium hydroxide to give 5.0 g of product. Two recrystallizations
from concentrated nitric acid gave white needles, mp 157 to 1589C dec.

Anal. Calc'd for CgH, 5N, 50, g %C, 17.03; %H, 2.1L; BN, 29.79

Found: #C, 17.57; %H. 2.38; N, 29,78

Recrystallization from a mixture of acetone and chloroform raised the melting
point to 158 to 159°C,

gH1oNp0018° %C, 17.03, #H, 2.1l; %N, 29.79
Found: %C, 17.L7; #H, 2.L6; %N, 29.88

Anal. Calc'd for C

L. Attempted Preparation of 1,1,1,3,6,6,8,10,10,13,15,15,15~
Tridecanitro-3, 0, 1i~triaza-pentadecane

8. Discussion

The condensation of one mole of 3,3,5,7, 7-pentanitro~5-aza-
1,9-nonane diamine ard two moles of 2,2,2-trinitroethanol gave a yellow solid, mp
105 to 118°C dec. Nitration of this condensation product with a mixture of 100%
nitric acid and concentrated sulfuric acid at 25°C gave a white solid, mp 90 to
110°C dec. All attempts to purify this product were unsuccessful.

¥ 19 )
Newem E}H CCH,.CHNH,*HC1 2 + 2HOCH20(N02)3 + 2NaOH-———--—>

pGCH,CH, NH,,
NO,
NO '
Yo r WO §
N |CH,COH,CH,NOH,C (N, )
NO, 2
No, r MO, H mo, N2 [ 4% 1%
a—— y \J
N— (CH,,CCH,Ci NCHQG( 3|, ) N [oH, £t i NI, 0(N0, )
N02 H,S0, o,
259
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b. Experimental

(1) A 22.8-g (0.05 mole) guantity of 3,3,5,7,7-
pentanitro-5-aza-1,9-nonane diamine dihydrochloride, 18,1 g (0.1 mole) of
2,2,2-trinitroethanol, and 75 ml of water was placed in a 500-ml, three-
necked flask, fitted with a mechanical stirrer, thermometer, and dropping
funnel. A solution of L.O g (0.1 mole) of sodium hydroxide in 25 ml of
water was added dropwise at room temperature. A yellow solid was
precipitated, collected, and dried; the weight was 17.0 g, and the mp was
105 to 118°C dec. ”

(2) A mixture of 40 ml of 100% nitric acid and
LO ml of concentrated sulfuric acid was cooled to 25°C amd, with good
stirring, L.0 g of the above-mentioned yellow solid was added. The reaction.
mixture was stirred for 20 min at 25°C and poured on ice. The white solid
was collected, washed with water, and dried; the weight was L.3 g, and
the mp was 90 to 110°C dec. All attempts to purify this product were
unsuccessful.

E. ATTEwPTED PRECARATION OF PRIMARY POLYNITRONITRAMINES
1. Introduction

One of the generally used procedures for the preparation of
primary nitramines is as follows:

NO, NO,NH /NOZ

H
RMH, + Ac,0__yBN, N0y py7 2 MEOH 2L HOL gy
Ac Ac H

This method is successful where R is an alkyl group and even when R contains
a gem dinitromethyl group (cf. 3,3-dinitro-1,5-pentane-dinitramine, Aerojet
Report No. 621, p. 11). The present work was concerned with the attempted
conversion of 3,3-dinitro-butyl amine, 3-nitraza-l,S-pentane diamine, and
3,6-dinitraza-1,8-octane diamine to the corresponding nitramines.

2, Attempted Preparation of 3,3-Dinitrobutyl Nitramine

a. Discussion

3,3-Dinitrobutyl amine hydrochloride was converted to
the free amine, acetylated, and nitrated to give N-nitro-N-acetyl 3,3-dinitro-
butyl amine (XI), a white crystalline solid, mp 79 to 80°C.
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10y NaOH )02 Ac,0 %2
CHB?CHZCHzNH2°HCl"’“’“’3CHB9CH2CH2NH2“**‘—“QCH39CH20H2N\AC
N02 . N02 N02
HNO, 42 Mo,
——-—QCHBCCH20H N
{ 2 \A
NO ¢
2
XI

Hydrolysis of XI with ammonium hydroxide, followed by acidification, gave a
yellow oil. The analysis of this oil did not correspond to that of any
postulated structure.

b. Experimental

(1) Forty grams (0.2 mole) of 3,3-dinitrobutyl amine hydro-
chloride, 75 ml of water, and 250 ml of ether was placed in a 500-ml, three-necked
flask, fitted with a mechanical stirrer, thermometer, and dropping funnel.

The flask was cooled in an ice bath, ard a solution of 8.0 g (0.2 mole) of
sodium hydroxide in 25 ml of water was added dropwise. The mixture was
stirred for 30 min, the ether layer was separated, and the mixture was
dried. The ether solution of the free amine was cooled in an ice bath,
and 100 ml of acetic anhydride was added. A vigorous reaction occurred,
with an initial separation of white solid which dissolved as more acetic
anhydride was added. The solution was refluxed for one hour, cooled,

and added dropwise to 200 ml of 100% nitric acid, keeping the temperature
below 10°C. The solution was poured on ice, precipitating a white solid
which was collected and dried, 27.5 g (55%), mp 79 to 80°C. Recrystal-
lization from methanol did not raise the melting point.

Anal. Calc'd for CgH, N O 4C, 28.80; ‘%H, 4.03; %N, 22,40

Found: %C, 29.37; #H, L.28; #N, 22.27

(2) One gram of N-nitro-N-acetyl-3,3-dinitrobutyl

amine and 10 ml of concentrated ammonium hydroxide was warmed on a steam
bath. The yellow solution was cooled, acidified with dilute hydrochloric
acid, and extracted with ether. The ether solution was dried, and con-
centrated to give 0.8 g of yellow oil, which was distilled twice from a
bulb tube, bp 80 to 859C (Lu), nﬁé 1.L4667.
Anal. Calc'd for ) HgN,Og: #C, 23.08; #H, 3.88; #N, 26,92

Found: %C, 27.663 ZH, L.ul; %N, 17.50
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3. Attempted Preparation of 3-Nitraza-l.5-pentane
Dinjitramine

a. Discussion

3-Nitraza-l,5-pentane diamine dihydrochloride was
converted to the free diamine and acetylated to give N,N'-diacetyl-3-nitraza-
1,5-pentane diamine (XII), a whité crystalline solid, mp 197 to 199°C.

NO NO

105 NaOCH, ) 2 fe,0 |02 A
Ne— | CH_CH,NH,, +HCl] ———=23 Ne— |CH,CH,MH,| ——2—3 Nem— [CH,CH,N
20N HOL 22 M), 2%, 1,

XIT

However, nitration of XII did not give the desired N,N'-diacetyl N,N'~dinitro-
3~nitraza-l,5-pentane diamine but instead water-soluble products.

b. Experimental

A 1.4069 N solution of sodium methoxide in methanol
(142.2 ml, 0.2 mole) was added dropwise with stirring at O to 5°C to a suspen-
sion of 22,1 g (0.1 mole) of 3-nitraza-1,5-pentane diamine dihydrochloride in
50 ml absolute methanol. The mixture was stirred for 30 min at O to 5°C, and
the precipitate of sodium chloride was removed by filtration and washed with
methanol. The solution was concentrated in vacuo and diluted with 125 ml
of methylene dichloride. To this solution was added portionwise 30 ml of
acetic anhydride. A vigorous reaction occurred with a white solid
precipitating. The reaction mixture was refluxed for 1 hr, cooled, and
filtered. The yield was 1h.9 g (6L.3%), mp 197 to 198°C. Recrystallization
from methanol did not raise the melting point.

Analo Calc‘d for CBHléNhoh: %C, hl037; %H, 6.95; %N; 2h013
Found: %C, 41.78; #H, 6.97; &N, 23.73
(2) N,N'-Diacetyl-3-nitraza-l,5-pentane diamine was
dissolved in acetic anhydride and added to 100% nitric acid, keeping the

temperature below 10°C. ‘When the acid solution was poured on ice, only
water-soluble products were obtained.

L. Attempted Preparation of 3,6-Dinitraza-l,8-octane
Dinitramine

a. Discussion
3,6-Dinitraza-1,8-octane diamine dihydrochloride was
converted to the free diamine and acetylated to give N,N'-diacetyl-3,6-
dinitraza-1,8-octane diamine (XIII), a white erystalline solid, mp 178 to
180°cC.,
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% NaoCH, | )0 aepo [ N%  m

CH NCH,,CH MH,, +HC1| ~———2 [CH,NCH,CH,NH, | —2—|CH,NCH,CH N

P 2%ty 2N CHN, 1,
XIII

Nitration of XIII also gave water-soluble products.
b. Experimental

(1) A 1.L069 N solution of sodium methoxide in
methanol (1L2.2 ml, 0.2 mole) was added dropwise with stirring at O to 5°C
to a suspension of 30.9 g (0.1 mole) of 3,6-dinitraza-1,8-octane diamine
dihydrochloride in 75 ml of methanol. The mixture was stirred for 30 min
at O to 59C, and the precipitate of sodium chloride was removed by filtra-
tion and washed with methanol. The solution was concentrated in vacuo and
diluted with 125 ml of methylens dichloride. To this solution was added
portionwise 30 ml of acetic amnydride. A vigorous reaction occurred with a
white solid separating. The reaction mixture was refluxed for 1 hr, cooled,
and filtered. The yield was 29.8 g (93.2%), mp 178 to 180°C. Recrystal-
lization from methanol did not raise the melting point.

Anal. Calc'd for C 4C, 37.49; ZH, 6.29; N, 26.2L

10t20% %
Found: %C, 38.25; #H, 6.75; %N, 25.80

(2) N,N'-Diacetyl-3,6-dinitraza-1,8-octane diamine
was added to a mixture of acetic anhydride and i00% nitric acid at 5 to 10°C,
When the acid solution was poured on ice, only water-soluble products were
obtained,

|
; S. Conversion of N,N-bis(2,2~Dinitropropyl)aminomethyl
‘ Isocyanate to bis\2,2-Dinitropropyl) Nitrosoamine

a. Discussion

(1) In continuing the study of the preparation
of primary nitramines it was of interest to comvert N,N-bis(2,2-dinitro-
propyl) lyclne (XIV)* to N,N-bis(2, 2—d1n1tropropy3-N'-nltromethylene
diamine %

* Aerojet Report No. 622, p. 85.
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o, 10, _ 1;102—]
1
‘;HBICCH%} 2N0H2002H ——-9E3H3(‘30H€,2N0H2coc1 —_— E‘,H B?CHZJ 2NCH200N3

(. N02 N02 N02
X1V Xv XVl
10, HNO 10, | - %5 H
CH.,CCH,| NCH NCO'"———Q—é CH.CCH,| NCH,NH_*HNO.,—>|CH,CCH,; NCH,N
1312 2 372 272 3 372 27\
2 2 ; 2 NO
L NO2 N02 i N02 2

XVII XVIII - XX

XIV was comverted to the corresponding isocyanate via the acid chloride (XV)
and azide (XVI), When N,N-bis(2,2-dinitropropyl)aminomethyl isocyanate (XVII)
was treated with 354 nitric acid an extremely vigorous reaction occurred after
a short time, and bis(2,2-dinitropropyl) nitrosoamine (XX) was obtainred instead
of the expected N,N-bis(2,2-dinitropropyl) methylere diamine nitrate (XVIII),

’}‘Oz'] 359 N0,
CH3CCH,| NGH,NCO ——— |OHCOH,| NNO
No, )2 HNO, %02

2 2

XVII . XX

These results are in accord with earlier work* wherein XX was prepared by
treating XIV with a mixture of acetic anhydride and 100% nitric acid, thus
indicating the instability of XIV and XVII toward nitric acid.

b. Experimental

(1)  Preparation of N,N-bis(2,2-Dinitropropyl)-
glycyl Chloride

A mixture of 78 g (0.23 mole) of N,N-bis(2,2-
dinitrosropyl) glycine and 190 ml of thionyl chloride was refluxed overnight.
The solution was evaporated to drymess in vacuo, leaving a brown solid. Two
recrgstallizations from chloroform gave white crystals; the yield was Ll g

3

(50%), mp 6L to 65°C,
Anal. Calc'd for 08H12N509Cl: %C, 26.86; %H, 3.38; %N, 19.1kL
%C1, 9.91
Found: 4C, 27.L8; #H, 3.68; &N, 19.27;
%C1, 9.70

* Aerojet Report No. 622, p. 8.
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(2)  Preparation of N,N-bis(2,2-Dinitropropyl)
Nitrosocamine

A solution of 15.2 g (0.23 mole) of sodium azide
in 150 ml of water was placed in a 500-ml three-necked flask, fitted with
a mechanical stirrer, thermometer, and dropping fumnel. The flask was
cooled in an ice bath, and a solution of 31.0 g (0.087 mole) of N,N-bis
(2,2-dinitropropyl) glycyl chloride in 130 ml of acetone was added drop-
wise, keeping the temperature below 10°C. The reaction mixture was extracted
with chloroform, amd the extracts were combined, washed with water, and
dried over sodium sulfate at 10°C. The solution was heated to reflux and
the azide was decomposed while the chloroform was being distilled to
remove the last traces of water. The isocyanate solution was cooled to
room temperature, and 100 ml of 35% nitric acid was added. The reaction
mixture was warmed on the steam bath, and after about 30 min an extremely
vigorous reaction occurred with evolution of gas. It was necessary to
cool the reaction mixture in an ice bath until the reaction subsided. A
white solid separated from the reaction mixture, and was collected and
dried. The yield was 16.0 g (59.5%), mp 129 to 130°C. A sample re-
crystallized from ethylene dichloride melted at 132 to 133°C, gave a
positive Lieberman test for a nitroso group, and gave no depression in
melting point when mixed with an authentic sample of bis(2,2-dinitro-
propyl) nitrosamine.

F. PREPARATION OF ALIPHATIC POLYNITRONITRAMIDES

1. Preparation of N,N'-bis(3,3-Dinitrobutyl) Oxamide

a. Discussion

The preparation of N,N'-bis(3,3,3-trinitropropyl)
oxamide from 3, 3,3-trinitropropyl amine and oxalyl chloride has been
previously reported.* This reaction has now been extended to the prepara-
tion of N,N'-bis(3,3-dinitrobutyl) oxamide (XXI) by the condensation of
3,3-dinitrobutyl amine with ethyl oxalate.

NO 0 NO HO
2CH écz CH NH, + lr’:oc cH C‘3012{ G ' 3 '
CHABCH,CH, NH, oty 2”—'9 3 OHgCH,N- > 2C,H 0
No, No,

XXT

XXI is a white crystalline solid, mp 190 to 191°C.

* Aerojet Report No. 711, p.8.

Page 16

CONFIDENTIAL




CONFIDENTIAL

II Technical Progress, F (cont.) Report No. 770

b. Experimental

A 35,0-g (0.175 mole) quantity of 3,3-dinitrobutyl
amine hydrochloride, 200 ml of water, and 175 ml of chloroform was placed
in a one-liter three~necked flask, fitted with a mechanical stirrer, thermom-
eter, and dropping funnel. A% room temperature a solution of 7.1 g (0.175
mole) of sodium hydroxide in 150 ml of water was added dropwise. The chloro-
form layer was separated, and the aqueous solution was extracted with 2
50-ml portions of chloroform. The chloroform extracts were combired and
dried over sodium sulfate for 30 min. The solution was filtered into a
one~-liter rournd-bottom flask, 12.8 g (0.088 mole) of eihyl oxalate was added,
and the reaction mixture was refluxed for 2 hr. The solution was concentrated
in vacuo, leaving a cream-colored = lid. Recrystallization from ethylene
dichloride gave 13.0 g (39%) of white crystals, mp 190 to 191°C. A second
recrystallization did not raise the melting point.

Anal. Cale'd for C;,H, N0, n¢ %C, 31.58; %H, L.2L; N, 22,10
Found: %C, 31.75; %H, L.L3; #N, 22.65

2. Preparation of N,N'-Dinitro-N,N'-bis(3,3-dinitrobutyl
Oxamide

a. Discussion

The nitration of N,N'-bis(3,3-dinitrobutyl) oxamide
(XXI) with a mixture of 100% nitric acid and corncentrated sulfuric acid at
550C gave N,N!'-dinitro-N,N'-bis(3,3-dinitrobutyl) oxamide (XXII). XXII is
a white crystalline solid, eXisting in two polymorphic forms, mp 1L2 to 1L39C
and 118 to 1499C, with a calculated lead-block value of 118 and a calculated
ballistic-mortar value of 129.

§o, #O HIO, W, N, -M
CH,CCH,CH, N-C4 ——23(CH, GOH_CH, NemeC
£ B PRSP e Y
N02 2L NO2

XX1 XXII

b. Experimental

A 15.0-g (0.395 mole) quantity of N,N'-bis(3,3-dinitro-
butyl) oxamide was added to a mixture of 175 ml of 100% nitric acid and 150 ml
of concentrated sulfuric acid, The reaction mixture was heated to 55°C for
30 min, cooled, and poured on ice. The white solid was collected, washed with
water, and dried. The yield was 17.6 g (9L.8%), mp 136 to 137°C. Recrystal-
lization from ethylene dichloride gave a compound melting at 142 to 1L3°C and
1h8 to 1L9°C.
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Anal, Calc'd for clOthneolhz 4C, 25.5L; %H, 3.00; #N, 23.83
Found: %C, 25.8l; #H, 3.26; %N, 2L.37
G. PREPARATION OF ALIPHATIC POLYNITROESTERS
1. Discussion

a. An improved method for the preparation of esters of
2,2,2-trinitroethanol has been described by the Naval Ordnance Laboratory.*
This method involves the use of small amounts of anhydrous aluminum chloride
with an acid chloride and 2,2,2-trinitroethanol, thus permitting the reaction
to proceed rapidly under mild conditions either with or without a solvent.
Some of the 2,2,2-trinitroethanol esters are of considerable interest as
new high explosives because of their high oxygen content and good thermal
stability. In addition, certain of these esters have polymerization
properties which are being investigated for propellant compositions and
others may be useful as explosive waxes. For these reasons it was of
interest to convert some of the acid chlorides prepared on the nitro-
polymer and explosives programs to the corresponding 2,2,2~trinitroethyl
esters. Accordingly, the following esters were prepared:

(1) bis(2,2,2-Trinitroethyl)-k, i-dinitro-~
heptanedioate (XXIII), mp 170 To 171°C:

0, °,
G E:Hzcﬁzcocﬂz + 2HOCH,0(NO, ) 3 — G- E}{,‘,cnzcozcmgc(Mo2 );J \
No,, No,,

XXTI1

(2) 915(2,2,2-Trinitroethyl)-h—nitraza-
heptanedioate (XXIV), mp 110 to 111°C:

NO, NO
2 | 2
N— CH,CH,00C1 , + 2HOCH,C(NO,) 3= N— CH2CH2002CH2C(NO2);}2

X1V

(3) bvis(2,2,2-Trinitroethyi)-kL, 7-dinitraza-
decanedioate (XXV), mp 126 to 12B°C:

NO NO
| 2 |2 .
CH2N0H20H20001 ) + ZHOCHZC(NOZ) 3 ) CHZNCHZCH20020H20(N02)3 \

* NAVORD Report 2215,
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(4)  2,2,2-Trinitroethyl-3,5,5-trinitro-3-aza-
hexanoate (XXVI), mp 121 to 121.5°C:

3o, N0, 0, MO,
CH39CH2NCH20001 + HOCHzc(N02)3—~"—9CHB?CH2N0H20020H2C(N02)3
NO2 N02
XXVI
b. 4, 4,6,8,8-Pentanitro-6-aza-undecanedioyl chloride

failed to react with 2,2,2-trinitroethanol. N-Nitro-N-trinitroethyl aspartyl
chloride and Nenitro-N-~trinitroethyl glutamyl chloride gave oils when treated
with 2,2,2-trinitroethanol, indicating that decomposition had occurred,

2, Experimental

The general procedure used* is illustrated in the following
example. A solution of 3.62 g (0.02 mole) of 2,2,2-trinitroethanol in 50 ml
of dry ethylene dichloride was placed in a 100-ml round-bottom flask, fitted
with a condenser and drying tube. Anhydrous aluminum chloride, 0.27 g
(0.002 mole), was added, and the solution turned yellow. To the solution
was added 3.31 g (0,01 mole) of k,7-dinitraza-decanedioyl chloride. The
reaction mixture was refluxed until evolution of hydrogen chloride gas had
ceased. The black mixture was cooled and filtered, and the solid was washed
with cold dilute hydrochloric acid, and water, then dried and recrystallized
from ethylene dichloride, using charcoal, to give 5.3 g (85.5%) of white
crystals, mp 126 to 128°C. All the results are summarized in Table III.

H. PREPARATION OF 1-NITRATO-3,5,5-TRINITRO-3-AZA-HEXALME
1. Discussion

The preparation of 3,5,5-trinitro-3-aza-l-hexanol (XXVII)
has’ been previously reported.

o, NO, H 10, X0,
] ]
CH3GOH,08 + BNGH,C0,0H ——» CHCCH,NCH,C0,CHy—— CHyCOH,NCH,00,CH
X0, o, N0,
N0, MO, N0, X0, NO, NO,
) CHCOH NCH, 00, —— 00K, NCH,COGL ——— CHyCCH, NCH,CH, Of
No, o, MO,
XXVII
3

NAVORD Report 2245.
*¥ perojet Reports No. 711 ami 712.
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In continuation of the work on the preparation of aliphatic Dolynltronltrates.
XXVII was treated with 100# nitric acid to give l-nitrate-3,5, S-trinitro-B-aza—
hexane (XXVIII).

NO2 NO2 ‘ HNO. N02 NO2
CHB?CHzNCHZCH OH '*—~29 CHB(,JGH2NCH20H20NO2
N02 NO2

XXVII XXVIII

XXVIII is a white crystalline solid, mp 117 to 118°C, with a calculated
lead-block value of 142 and a calculated ballistic-mertar value of 1L6.
Compound XXVIII was prepared independently on the nitropolymer program*¥*
in the following manner:

NO ‘ NO H NO NO

2 2 2,2
| :
CHB?CHZOH + HZNCH20H2OH-—~—9 CHBCCH NCH CH20H-*—-? CH3CCH2NCH20H20N02
NO2 N02 NO2
XXVIII

2 Eerrimental

Thirty ml of 100% nitric acid was cooled to 5°C and 3.0 g
(0.012 mole) of 3,5,5-trinitro-3-aza-l-hexanol? was added. The solution
was stirred for 15 min at 5°C and poured on ice. The white solid was
collected, washed with water, and dried; the yield was 3.3 g (92.7%), mp
75 to 98°C. Two recrystalllzatlons from methanol raised the melting
point to 117 to 118°C,

Anal. Cale'd for EgHN.Og: %C, 21.21; %H, 3.20; %N, 2L.Th
Found: %C, 21.7h; %H, 3.51; 3N, 25.31
There was no depression in melting point when this sample was mixed with

the 116 to 1179C-mp compound obtained from the nitration of the condensa-
tion product of 2,2-dinitropropanol and ethanolamine.

* Aerojet Report No. 737, p.'lO.
Aerojet Heport No. 772, in press.
1'Aerojet Report No. 712, p. L3.
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I.  PREPARATION OF 2,L,L4-TRINITRO~2-AZA-AMYL ISOCYANATE
de Discussion
2,4, 4-Trinitro-2~aza-amyl isocyanate (XXX) has been prepared

in situ from 3,5,5-trinitro-3-aza-hexanoyl chloride (XXIX) and used directly
for the synthesis of high explosives:*

NO, NO NO, NO NO, NO
1212 127 2 A ('302'020
CHB?CHQNCHQCOCI + NQNB“—-—9CH3?CH2NCH2CON3-———9CH3' H2N HQN 0

NO, . NO2 ' NO2
XXX XXX

XXX has now been isolated, purified, and identified. The compourd,

mp 102 to 1039C, explodes violently on standing at room temperature.

It can be stored safely at -20°C, but for synthetic purposes the isocyanate
is best used in solution without being isolated.

2. Experimental

A solution of 35.1 g (0.5l mole) of sodium azide in 250 ml
of water was placed in a one-~liter three-necked flask, fitted with a thermom-
eter, mechanical stirrer, and dropping funnel. The solution was cooled to
5OC with an ice bath, and a solution of 73 g (0.27 mole) of 3,5,5-trinitro-
3-aza~hexanoyl chloride in 200 ml of acetone was added dropwise, keeping
the temperature below 10°C. The reaction mixture was stirred for 30 min
and extracted with three 150-ml portions of chloroform. The extracts
were combined, washed with two 100-ml portions of water, two 100-ml
portions of 10% sodium bisulfate, and two 100-ml portions of water. The
chloroform solution was dried for 30 min over sodium sulfate and placed
in a one-liter round-bottom flask arranged for distillation. About 100 ml
of chloroform was stripped off with the water aspirator to remove the
last traces of water. The temperature was raised to 60 to 65°C with the
steam bath, and the azide was decomposed at atmospheric pressure. Dry
chloroform was added periodically to keep the volume constant. After
the nitrogen evolution had ceased the solution was cooled to -100C,
causing a white solid to separate. The product was collected and dried.
The yield of 2,k,L~trinitro-2-aza-amyl isocyanate was 48.1 g (72%),
mp 97 to 100°C., Recrystallization from ethylene dichloride raised the
melting point to 102 to 1039C. The compourd explodes violently on
standing at room temperature but can be safely stored at -20°C. For
synthetic purposes it is best used in solution without being isolated.

Anal. Calc'd for CSH.?NSO?: #C, 24.10; %H, 2.83; %N, 28.11
Found: #C, 2L4.31; #H, 3.11; #N, 28,05

* Aerojet Report No. 711, p. 1l.
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Je PREPARATION OF SAMPLES FOR EVALUATION BY THE NAVAL ORDNANCE
LABORATORY

1. The following samoles were prepared and submitted to the
Naval Ordnance Laboratory for evaluation:

a. 2,2,5,9,9,13,16,16-0ctanitro-5, 13-diaza~6, 12-diketo-
7,11~dioxa~heptadecane

b. 1,1,1,5,8,11,14,18,18,18-Decanitro-3, 16~-dioxa-
4,15-diketo-5,8,11, 1i-tetraza-octadecane

Ce 1,1,1,5-Tetranitro-3-oxa-L-keto-5~aza-hexane
d. 1,1,1,5-Tetranitro-3-oxa-li~keto~5~aza-heptane
e. 3,5,5-Trinitro-3-aza~hexyl Nitrate

f. 1,1, 1’3’ 6: 9,12, llh 1h, lh-Decanitr,o—3,6,9, 12~-tetraza-~
tetradecane

g 1,1,1,3,6,9,11,11,11-Nonanitro-3,6,9-triazaundecane

he  N,N'-Dinitro-N,N'-bis(3,3-dinitrobutyl) Oxamide

i. Ei§(2,2,2-Trinitroéthy1)-h,h—dinitroheptanedioate

Je bis(2,2,2-Trinitroethyl)-L-nitrazaheptaredioate

k.  bis(2,2,2-Trinitroethyl)-l, 7-dinitraza-decanedioate

1. 2,2,2-Trinitroethyl-3,5,5-trinitro-3-azahexanoate

2. The results of the preliminary tests by the Naval Ordnance

Laboratory on the compournds submitted are summarized in Table IV, The
noteworthy feature is the excellent thermal stability exhibited by compounds
A53-15 and A53-31, both of which are aliphatic polynitronitrates.

3. SPIA data sheets, which are presented'in the appendix, have
been completed on the following compounds:

a. 3,3-Dinitrobutyl Amnonium Nitrate

b. 3,3-Dinitro-1,5-pentane Diammonium Dinitrate

Ce 3-Nitraza-1,5~pentane Diammonium Dinitrate

d. 3,6-Dinitraza~-1,8-octane Diammonium Dinitrate

e. 3,3,5, 7, 7-Pentanitro-5~aza-1,9-nonane Diammcrium

Dinitrate ;
f. 1, 7-Dinitrato-h, i~dinitroheptane
"Page 23
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II Technical Progress, J (cont.)
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g 1-Nitrato-3,5,5, ~trinitro-3-aza-hexane
he 2,2,6,9,9-Pentanitro~l~oxa-5~keto-6-aza-decane
ie 2,2,6,9,9,9-Hexanitro-l-oxa~5~keto~b-aza-nonane

j . 1,1,1, ’41 8’ 8: 12z, lg s 15. lS-Decanitro—h, 12-diaza-
5, 11-diketo-6,10-dioxa-pentadecane

ke l, 11 135 » 8: 11’ 15’ 15: lS-Nonani‘bro-L 13"dioxa—h: 12~
diketo~5,8,11~triaza-pentadecane

1. l)l, 1’ 5) 8’ 8’ 10’ 12. 12’ 15' 19919: 19"Tridecanitr0"
3,17-dioxa-l, 16~diketo~5, 10, 15-triaza-nonadecane

mse 2,2,5,9,9,13,16,16~Octanitro~5,13-diaza-6,12~
diketo~7,11-dioxa-heptadecane

n. 1,1,1,5,8,11,1L,18,18,18-Decanitro-3, 16—d10xa~,
L,15-diketo~5,8, 11, 1L-tetraza-octadecane

O 1,1,1,5~Tetranitro-3-oxa~l~keto-5-aza-heptane
P. N,N'-Dinitro-N,N'-bis(3,3-dinitrobutyl) Oxamide

K. HEATS OF FORwATION AND OXYGEN CONTZHTS OF EXPLOSIVE COMROUNDS
1. It has been the practice on this program to assess ‘the
explosive power of new comoounds in terms of the ballistic-mortar and lead-
block values. However, there are other functions which may also be useful
for this purpose, and are favored by other investigators. Two of these are:

a. The heat of formation at 25°C and 1 atm, following
the usual thermochemical conventions. (With negligible error. this is"
the heat of formation at bomb temperature and pressure.)

b. The oxygen content, expressed as gram atoms of
oxygen per milliliter of compound.

2. A compilation of these values for compourds for which SPIA
data sheets were prepared on this program is given in Table V. Compourds
are listed in order of decreasing heats of formation. Heats of formation
were calculated from experimental heats of combustion, and oxygen contents
from experimental densities in all cases. These values may be compared
with the following for standard explosives:

Heat of Formation, Oxygen Content,

kcal /mole gram-atoms /mole
RDX +20 0.0491
Nitroglycerine -85 0.0630
TNT -15 ' 0.0L37

Page 28

CONFIDENTIAL



CONFIDENTIAL

II_ Technical Progress, K (cont.) Neport No. 770
TABIE V

SUMMARY OF HEATS OF FCRVATION AND
(XYGEN CONTENTS OF EXPLCGIVE COMFOUNDS

Heat of Oxygen Heat of Oxygen
Formtion, Content, gram- Formation, Content, gram~
kcnl[mola atoms /ml kcal/mole atoms /ml
CHz~ E X0, CHZC(NOE}—;J . -18 0.06L7 'foeﬁ .
(N0, ) 4GCH,CH, N— =90 0.0610
(%0, ) 4CCH,CH,N N0, CHZG(m2)2m3 -19 0,053k
/c \(N02}2 (40,1 1COH,,CH, i, -HNOy -95 0,0621
My P
(N0, )1COH,CH, N “ /Ncuzl:.ﬂ,‘,c(noz)3 -20 0.0508 ;
CcH
2 C— E{chzcnzc(uoz) 3] . -98 0.0510
(10, 4CCH,CH N N0, CH,C(NOy) -28 0.0637
c{NO, ), — [CH,CHN BO, CH,C(NO,),CH ~10h 0.0500
[
c/ﬁ{c' , . 22[22 2 22,
(NOE)2é C(NO,), -31 .0591
H (] o
2 2 CH3GH N NO, C0,CH,C(HO,) -106 0.0570
NCH,G(NO0, )y
% (80,) 1CCH,CH N HO, C0,CH,C(40,1,CHy ~11L —
(N0, 1,6 ?(1402)2 =33 0.0590
OH, H, CH,C(NO, ) ,CH,N N0, CH N MO, CO,CH,C(NO,)3 -18 0.0603
N- N0,
CH,C(NO, ) ,.CH,CH,,NH,, H}O. -121 0.0L99
S M1 i el Sl A
(40,1 5CCH,CH, KO, -36 0,061k
CHJG(Noz)chZCHZN 50, CH,O(KO0,/ 4 -Lo 0.0563 (N0, )y !—cu,‘,cri2(:}{,‘,0110'2 ‘2 -127 -
L
(¥0,) 16CH,CH N0, CH,C(10, ) -h2 0.0630
N o, —{cuzc(noz)zm?cuzn X0, coz,cu,‘,c(rloz;3 . ~130 0.0595
GH, (10, ) ,CHACHH KO, CO,CH,C(KO0, )5 -132 0.C585
CH, N0y . ] n .0
3 {CH 0NN, ) -1 6701
(0,1 40CH CHH Ncnzcﬁzc(no2;3 -hl 0.ck33 [ 27 272,
‘< cH, G
‘é CH.C(NO, ) (N0213CCH2&’H2NH—C -5 0.0536
Fadir bt 36} 2
" o
(N0, )= CH,N 1O, CH,CH,C(NO, ;} 50 0.0595
272 2" W YT R’ . -
_ 2 H1G(N0, ) OB CH N r‘ozc‘ . s
c(N0, } ,— [CH,CH,NH HO, Sk 0.0L7% . ,
272 [ 27%2 2]2 CH(HO,,1,CH,CH H N0, CO,CH,C(KO, ) CHy ~1h7 0.650L
GH\ b NGy ——E}H2GH2N No, COQCHZC(HU?)J] . -159 0.0596
(50,) 8 (!:(Noz)2 -60 0.6340
Ct /CH2 Euzn 1o, cHchENH,‘,-nw{lz ~159 0.0k60
HCHZCHZC(NOZ ’3
“ “ (N0, ) y— [cnzoecra X0, c}i2CH26(l302)3} . -167 0.0600
(N0, ) — CH,CH 10, cu,‘,c(uoz,)3 » ] 0.0605 ]
cuz--[r(: r0, 4020320(}102)3J2 -168 0.0688
(N, )y — E:Hau N0, cuzcuec(ma)zm% . ~£2 0.CL91 -
N0, — “”2““2“"2'”‘0112 -170 0.0k59
W0, — %“2‘3("02’20”3 i 0.6530 G0, O, CILE, KOS -188 0.0516
2 plaT e e 3_}2
I «
" - 0.
CH0(N0, ) CHpN 0, ClfyCHoONC, -73 00550 ‘Lc“z“ 10, CH Gyl 10, °°2°“2°("°2’% 2 190 0578
(30, }CCH,CH N 10, CO,0H,C(NO,) -192 0.06L9
? - PR Ml Al St B M Rt 3
H O, — EHZL(NOZ)ZCHZCHJZ 85 0.0h82
N KO, — %HEC(HOZ)20H20H2NH2-H1103] . =209 -
}l‘ /NOZ
(O, ) -CCH,CH, NOHCH, CH,C(X0,,) _86 0.0572 (N0, )y E"zc":’" 1O, CO,CH,C(NO, /4 ~215 0.0606
27372 2 23 2
(N0, ) 50— [CH2020N NO, CH,CH,C(NO, )2GH3] . =2kl 0.052k
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I1I. DESENSITIZATION OF RDX

The possibility of desensitizing RDX by coating with surface-active
compounds containing nitro groups has been previously discussed.® Following
this idea, 3,3,3-trinitro propyl isocyanate and glycerol mono-oleate were
reacted in varying ratios with the objective of substituting the glycerol
hydroxyl groups to various extents. Three products were obtained, corres-
ponding to ratios of carbamate to glycerol mono-oleate of 1-1/L to 1,

1-1/2 to 1, and 2 to 1. Each of these was a waxy solid, melting slightly
above room temperature.

Each of the three products was applied in 10% ratio to RDX by the
method for preparing Composition A®  The desensitized specimens obtained
were tested with the Bureau of Mines impact tester, with the following
results:

Impact Stability, cm/2 kg

On bare anvil. On 5/0 sandpaper
1-1/L to 1 Ratio oroduct 100 20-25
1-1/2 to 1 Ratio product 100 20-25
2 to 1 Ratio product 100 20~-25
Composition A-3 100 45-50
RDX Lo 10-15

This degree of desensitization compares well with *hat obtained
using nitropolymers, but its inferioritv to the value for Composition A
is disappointing.

In another desensitization experiment, 104 2,2-dinitro propanediol
was applied to RDX by the same procedure, using no surface-active agent.
The impact stability of the product was 30 to 35 cm/2kg on the bare anvil.

These lines of investigation were discontinued because of the
termination of work with RDX under the present contract.

*Aerojet Report No. 737, p. 23,

**Aerojet Report No, 682, p. 21.
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Data Questionnsire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the cheracteristics which are believed to be of importance in the study of a compound
o0ssibly be used as a constituent of solid propellants or other explosives.

which may R
that all this information will be available for overz compound.,
ate that compound farther.

stability, it is probably not advisable to investig

as is avallable for a compound which you have prepared or teste
PRO! LP'If J’HE , 8621 Georgia Avenue, Silver Spring, Harilmd. Ag additional infore
ater d The information

PELLANT INFORMATION AGENCY,
mation on the same or new compounds accrues, forward it
submitted on these forms will be rewritten and published b
may a2lso be used
request from SPIA. Suggestions for improvement of
provided for any item, attach separate sheets.

on a similar form at a
SPIA in loose-leaf manual form.
as work or data sheets for your experimental studies,
hese forms are invited,

For example, with
After placing such i
on one of those forms, s it to SOLID
atea.
These forms

Extra copies are availuble upon

COMPOUND: 3,3-Dinitrobutyl l-ammonium
Name npitrate Information submitted by:
Empirical formula C), By N O Activity flerojet~General Corporation
Structure:(configuration] ~ Person }{,B, Frankel and L.T. Carleton
N02 Date ] Novemher 1953
|
. NO NO
CI<13(’)CH2CI~12NH2 HNO3 102 102
NO2 CHB?CH20H2NCO + HNOB + H2O——$ CHB(‘]CHz(IH,ZNH,2 HNOB + CO,
Preparation reaction(s): NO2 N02
1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen
’ Calculated from formula 21,24 h.hé 2l.78
By determination 21.39 L.63 25.19

2. Burning properties:(conpsred to nitrocellulose, under nitrogen at atmospheric pressure:)

ffa ster? slower?

3. Stability and Sensitivity: piot any graphs on
separate sheet

residue?

ete,)

Discuss methods used when they vary
from references. Give %“emperature used,
(CUse scparste sheet 1if necessary.)

2.5-kg weight

L hr at 100¥C

Name of test Recommended method
a. Impact Sensitivity NOL
b. Thermal Stability OSRD 3401 p.8
¢. Vacuum Stability NOL  QsBhS4fkpap
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Igniion NOL  GOUmBXBIRE
f.
8.
h.

RESULTS OF ABOVE TESTS

Reference compound
(designation-TNT, Tetryl, N.C., etc.)
2. Tetryl, 32 em/?2.5 kg ,

New Cc;mpound test results

52 cm/2.5 kg

c. 0.2 cc/g

e. 2889¢

=121

» 4. Heat of formation: (AH) +
{indicate slgn)

Kg. calories at 26°C., 1 atm. pressure
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By Experiment By Calculation Method i
D ek 1 nocesaany  00r Separste

5. Energy of explosion .

atoYs0r . Ho0 11qu1(3) cal/gm
6. Heat of combustion (H,) 2629 cal/gm 2725 Aerojet Report No. 117A

(at 2500, Hy0 liquid)
7. Specific impulse (Igp) calc: Ib-sec/Ib
8

. Physical form of compound (viscous 1inuid, crystalline type, etc.) flat, white crystals

9. Simple microscope analysis data:
(erystal studies) .

10. Density{Macro method) 1,62 m/cm3. (Micro or other method) ____~  egm/cm3.
y‘ (NOL) (Extéain on separate sheet any unique methods you use.)g
11, Index of refraction: (n2D5°C.) 12. Color _White 13. Odor None .

14. pH at 25°C. __ };.1] {Method reference OSRD 3401 v,4, or OSRD 5968, Indicate method used, i.e,

solvent and concentrations used, pH indicator pever or Beckman pH meter,) With Beckman meter,

0,017 M in acetone /water (5/1 volume ratio) '

Log €

Lre
i-4-33]

250 300 350
A M
Ultraviolet Absorption Spectrur of 3,3-Dinitrobutyl

l-Ammonium Nitrate in Methanol
20. Melting point 131-133 “C.

Page 2
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21. Freezing point vs. Time Curve: (Please mark the coordinates with scele values that apply to the compound
. under study.)
(S
(]
VS )
1 <
-
-
? <
x
w
[ W
=
w
—
TIME
22. Solubility of new compound:
19 g/100 ml Hg0 at 25°C. g/100 ml Hy0 at .
o,
. 5 g/100 ml acetone at 25 C.
‘(name material used as solvent)
[
<£0.1 g/100 ml toluene at 25 C.
(name material used as solvent)
1. R, SPECTROPHOTOMETER WAVE NUMBERS IN CM WAVE NUMBERS IN CM:!
= NeCl PRISM ) ,sooo B A T i AT R 4 e e ull u.“luu Iu»; T I S N N B S | 7?0.1 L) :‘:'5
DATE INDEX ] X ’ Tt
100 .. P N e PR, .
SAMPLE I . ‘ s N ‘
J.’l:llnnrom'.yl l-Amongum |/ 10 + 8
Scepanted 1n Fluorolsbe i g 1 [ S - “g‘
! - v + <
kN ? ; wk
2 . : I R
= | A 11m + 1 ain | 3 TUTUTL T T g
samrctu  wu cus] D ! . : M EEESE RREEE)
REFCEL MM CMs. % I | N . ceqrerd i i L $4 + ’ r %
CHEM, MG we.|| i M l * t et g
| o RTINS
SOLV. 20 - - t + — ——]20
SEEEE EERES RN ' . : : ty
voul cc.l % c.cl % f — + - JON SN . e . RPN N & —
| eshood cloelmd  Fpffiferdepery e fee 208 BRRRE RRREE RRSEN SR SRE
TAIRD ASSOCIATES, INC. % 3 s N 7 m ” " s . ‘0
CAMBRIDGE, MASS. USA. | WAVE LENGTH IN MICRONS WAVE LENGTH IN MICRONS
|
| R. SPECTROPHOTOMETER WAVE NUMBERS IN CM- WAVE NUMBERS IN CM-
ey NaCl PRISM ..?oo 1L llmlo? ”2500 11 wl fa L L 1 '|“”|3|00”IZ|013 Illloolllll‘”ol. 1oL | .I Il I} 3 ! .710. L ! L 6?‘"
ADAIE INDEX ! } l i I i - i "LM’ R
10-8-53 t +
3, 3-P4 ums:'f:i Ll L l } B ﬂ\mj_ ' / [ "0
i trate 7} Iremmonten S L 4 -t [ R . 3 YAf] i g b g -
- g R { POPUR | rj"r’ﬂ I, v}}[., fot ot iy 4 <}
Buspanded 1n white mineral oil Vi e /I/\ }uf (R 1 ' I I 4oy 1 <
Ew + } I R, BN R =t —+ g ok
Z | e g et - ,J./V A I A [ i IR 4 3
T FROM_Tim » 12 win E H + i;L‘nl‘L R B e A } -t E_
SAMP.CELLE MM CMS, 5«, i BEEAEERE \/Y' S RN R AR ! ! ; il e
» REE.CELL o M cMs. I ri; b t Vit R vM}on LERTE IR S IR TR S o{¢ L]
ale Blogs g bddidddad BN SR T I A A S A A +<-, JEDINS SN N U N W O i 2
o] me] e £ SRS RERE: T SRR R ROEEE DRSS R ROETE DOREE DRSS IS DR ae &
SoLY. 20— bt t et - ; ; —+ bt + b — 20
‘v!H?» bobety o RN [ - R R iy
YOL. c.c,l Weel % -EE - o by e 4] ‘L‘f¢ .VW.T S0 N I S i ‘ bt - PONGIE S | ;
! , » [ R b L [ D O P A N S
FSISOUD _CJ GAS| M) Pt ljltt‘|1x|“|lll P 1 S [ I AR R R L1258} o
R 0 CIATES, NC. ° 3 4 5 ‘ 7 ) ) 10 1 52 13 15 15
\oany | WAVE LENGTH 1N MICRONS WAVE LENGTH IN MICRONS
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Under compatability we are considering the ability of two compounds to be in intimete contact (Note

OSRD 5758 p. 21-22; over a long pericd of time without adverse effects on either the chemical or physical
oroperties of either materiel., These teats will probably be of varied extent, They might be aome of

the followings (a) Stenderd stability tests., (b) Simple observations of exudation or seperation at
ambient or accelerated temperature. (c) Prepere thin sheets (.025" thick, 1" square) of the plasticized
material, Separate the sheets with strios of cigarette paper or carbon paper and compress the stack in

8 "C® clamp, After several days note the oily collection on the veper, Please give reference to or
describe procedure used, Item 28 is to indicete results when the compound is in contact with some meteri-
al other than ethyl cellulose, nitrocellulose or rubber,

Compatability with ethyl cellulose:

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with

Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures ("ith additives)
(c) Inhibiting action on polymerization of:

Thiokol

Methacrylate

Other compounds

Availability

a. Amount now available ? research quantities
b. When was available material first prepared?
¢. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
f. Outline steps for a quantity production method

Additional information: (toxicity, haratds, deterioretion, oxygen balance, cetonation rete, explosive
pwerl,m:a;e of hydrolyais by water, etc. List references, reports, deta books, etc, that refer to the
compo .

balculated Jead-block value = 112

Valculated BaTllistic-Nortar value = 1133Meth0d of Aerojet Repart Na. 512, p.t,
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Data Questionnaire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed to be of importance in the study of a compound
which may Kossibly be used as a constituent of solid propellants or othex explosives., It is nct expected
that all this information will be available for every compound. For axample, with a compound showl::g poor
stability, it is probadbly not advisable to invesbtigate that compound farther. After placing such informatior
as is available for a compound which you have prepared or testsd on one of these forms, send it to SOLID
PROPELLANT INFORMATION AGENCY, mj JH{', 8621 Georgia Avenme, Silver Spring, Maryland. As additional infor.
mation on the same or new compounds accrues, forward it on a similar Torm at a later date. The information
submitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These forms
mey also be used as work or data sheets for your experimental studies, Extra copies are availabdble upon
request from SPIA, Suggestions for improvement of these forms are invited. If insufficient space has been
provided for any item, attach separate shests.

COMPOUND: 3, 3-Dinitro 1,5-pentane

Name diammm_dl_alﬁraf‘p Information Submitted by:
Empirical formula cHy),N& U1 Activity Aerojet-General Corporation
Structure: (configuration) ’ Person M,B.Frankel and L.T.Carleton
No,, Date _1 November 19
!
— N NO NO
(IJ %HQCHzNH2 HNOB:IZ |2 . , 12 -
—_— + — )
N02 ? [CH2 H2 CCﬂ2 HNO3 + 2H20—9(|3 CH20H2NH2 HNOJ ) + 2002
Preparation reaction(s): NOZ N02
1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen
Calculated from formula _18.87 443 26.41
By determination 19.07 .70 26.22

2. Burning properties:(compared to nitrocellulsse, under nitrogen at atmoepheric pressurei)

(Taster? slower? residue? etc,)

3. Stability and Sensitivity: piot any graphs on Discuss methods used when they vary
separate sheet from references. Give tempersture used.
(Use seperate sheet if necessary,)

Name of test Recommended method

a. Impact Sensitivity NOTOSRBXNEX  2.5-kg weight
b. Thermal Stability OSRD 3401 p.8
¢. Vacuum Stability NO 06T X340 R MK 48 hr at 100°C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOTSXBER 3A0XHXK
f.
g —
h.
RESULTS OF ABOVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.)
:: Tetryl, 32 cm/2.5 kg , 60 cm/2.5 kg
c. 2.0 cc/e
d.
e. 280°¢
1.
. g.
h.
4. Heat of formation: (AH) + -138 Kg. calories at 25°C., 1 atm, pressure
. ({indicate slgm)
Page 5
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By Experiment By Calculation Method
m:g:l;‘)ttgnn::.::s_;-oneo. Separate

5. Energy of explosion . .

at 250C, Hgo liqui(d ) cal/gm
6. Heat of combustion (H,) 2390 cal/gm 2,93 Aerojet Report No. 15174

(at 2590, Hy0 liquidc)
7. Specific impulse (Igp) calc: Ib-sec/1b
8

. Physical form of compound (viscous liouid, crystalline tyve, etec.) White, crystalline solid

9. Simple microscope analysis data:
(crystal studies)

10. Density{Macro method) 1.64 m/cm3. (Micro or other method) m/cm3.
Y( NOL) (Elxoéain on separate sheet any unique methods you u:se.)g
11. Index of refraction: (n3°°-) 12. Color _white 13. Odor __none .
14, pH at 25°C. 3.6 (Method reference OSRD 3401 v.4, or OSRD 5968, Indicate method used, i,e.
solvent and concentratlons used, pH indicator pever or Beckman pH meter.) With Bec n_me
0,02l M in acetone/water (5/1 volume fraction)
N

Logf
/

\\
1
i ¢
250 00 350
As mu
Ultraviolet Absorption Spectrum of 3,3-Dinitro 1,5-pentane
Diammonium Dinitrate in Methanol
20. Melting pointt 151-153 °C. ’

Page 6
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Under compatability we are considering the ability of two compounds to be in intimete contact (Note

OSRD 5758 p. 21-22; over & long period of time without sdverse effects on either the chemical or physical
vroverties of elther materisl, These tests will probably be of varied extent. They might be some of

the following: (a) Standerd stability tests., (b) Simople cbservations of exudation or separation at
ambient or accelerated temperature, (c) Prepere thin sheets (.025" thick, 1" square) of the plasticized
material. Separate the sheets with strips of cigarette paper or carbon paper and compreas the stack in

a2 "C® clamp., After several deys note the oily collection on the vaper, Please give reference to or
describe procedure used. Item 28 is to indicate results when the compound is in contact with some meteri-
al other than ethyl cellulose, nitrocellulose or rubber,

25. Compatability with ethyl cellulose:
26. Compatability with nitrocellulose:
27. Compatability with rubber:
28, Compatability with
29. Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures ("ith additives)
(c) Inhibiting action on polymerization af:
Thiokol
Methacrylate
Other compounds
30. Avalilability
a. Amount now available ? research aquantities
b. When was available material first prepared?
¢. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
1. Outline steps for a quantity production method
31. Additional information: (toxicity, hazaitds, deteriorstion, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc, List references, reports, deta books, etc, that refer to the
compound, )
A
Calconlated Iead-Block Value = 112 $L
Calculated Ballistic~Nortar value = L1O ) 3 ) A12.—p.8.
o
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Data Questionneire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed to be of importance in the study of a compound
which may possibly be used as a constituent of sclid propellants or other explosives. It is not expected
that all tgh information will be available for every compouand., For oxangle, with a compound showing poor
stabiliby, it i's probably not advisable to investigate that compound farther. After placi such informatior
as is available for a compound which you have prepared or tested on one of these foras, send it to SOLID
PROPELLANT INFORMATION AGENCY, Amj.mf}. 8621 Georgia Avenns, Silver Spring, Maryland. As additional infor-
mation on the same or new compounds accrues, forward it on a similar form at a later date. The information
submibtted on these forms will be rewritten and published by SPIA in loose-leaf manual form. 7Theste forms
may also be used as work or data shests for your experimental studies. Extra coples are available upon
request from SPIA, Suggestions for improvement of these forms are invited. If insufficient space has been
provided for any item, attach separate shests. .

COMPOUND: 3-Nitraza 1,5-pentane diammonium

Name dinitrate Information submitted by:
Empirical formula C),H71,Ng 08 Activity -
Structure: (configuration) Person M R Frankel and L.T.Carleton
Date 1 _November 1953
1,
Newe EH2CH2NH2’HNOBJ ) I\|102 I:JOQ ]
Ne— EH2CH2NC + ZHNO3 + 2H20 — Neem CHQCHZNHZ'HNO3 + 2(302
Preparation reaction(s): 2
1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen
, Calculated from formula 17,52 5.1 30.?5
By determination 17.66 0.1l 30,78

2. Burning properties:(compared to nitrocellulose, under nitrogen at atmospheric pressure:)

(Taster? slower? residue? etc.)

3. Stability and Sensitivity: Plot any graphs on Discuss methods used when they vary
separate sheet from references, Give tempersture used.
(Use separate sheet if necessary,)
Name of test Recommended method
a. Impact Sensitivity NOL ™ e Bisx 2.5-kg weight
b. Thermal Stability OSRD 3401 p.8 o
c. Vacuum Stability NOL  GHEmOMIIGENX L3 hr at 1L00°C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition  NOL  OBHGXEXNKERK
f.
g.
h.
RESULTS OF ABOVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.)
:: Tetryl, 32 cm/2.5 kg . 61 cm/2.5 kg
[ 0.0 colg
d. LA™
e. 281°C
1.
. g
h.
4, Heat of formation: (AH) + ~170 Kg. calories at 25°C., 1 atm. pressure
- (Indicele elgn)
Page 9
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By Experiment By Calculation Method
Dugrigt%gn or reference. Separate
5. Energy of explosion (Q) cal/gm saeed 17 necessary.
at 250, Hy0 liquid
6. Heat of combustion (H,)  2L96 cal/gm 2626 Aerojet Report No. L4174
(at 2500, Hy0 liquid) :
7. Specific impulse (Igp) calc: Ib-sec/Ib
8

. Physical form of compound (viscous 1icuid, crystalline tyve, etc.) White, crystalline solid

9. Simple microscope analysis data:
(erystal studies)

10. Density{Macro method) 1.57 gm/cm3, (Micro or other method) gm/cm3.

xolain on seperate sheet any unique methods you use.)
11. Index of refraction: (n%°°C-) 12. Color _ white 13. Odor none .
14, pH at 25°C. 3. (Method reference OSRD 3401 v.4, or OSRD 5968, Indicate method used, i.e,

solvent and Goncentratlons used. pH indicator pever or Beckman pH meter.,) With Beckman meter,
saturated solution in acetone/water (5/1 volume ratio)

LTC :
11-1-53]
U J JEU
h' mL

Ultraviolet Absorption Spectrum of 3-Nitraza 1,5-pentane
diammonium dinitrate in Water

20. Melting point _]53.]155 “C.

Page 10
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21, Freezing point vs. Time Curve: (Please mark the coordinates with scele values that apply to the compound
under atudy.) )

TEMPERATURE °C.

TIME

22. Solubility of new compound:
120 £/100 ml Hq0 at 25°C. /100 ml H,0 at C.

, <0,1 g/100 ml acetone at 25 ___°C.
(name material used as solvent)

<Q.1l g/100 ml toliene at 25 °C.
(name material used as solvent)
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‘Under compatability we are considering the ability of two compounds to be in intimate contect (Note "
OSRD 5758 p, ?.1-22; over a long period of time without adverse effects on either the chemical or physical

vroperties of either materisl., These tests will probably be of varied extent, They might be some of

the followings (a) Standard stebility tests, (b) Simple observations of exudstion or separation at
sxbient or accelerated temperature. (c) Prepere thin sheets (.025" thick, 1™ square) of the plasticized
material, Separate the sheets with strivs of cigarette peper or carbon peper and compress the stack in

8 "C% clamp, After several days note the olly collection on the veper, Please give reference to or
describe procedure used, Item 28 1s to indicete results when the compound is in contact with some materi-
al other than ethyl cellulose, nitrocellulose or rubber,

25. Compatability with ethyl cellulose:

26. Compatability with nitrocellulose:

27. Compatability with rubber:

28. Compatability with

29. Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures ("ith additives)
(c) Inhibiting action on polymerization of:
Thiokol
Methacrylate
Other compounds
30. Availability
a. Amount now available? research quantities
b. When was available material first prepared?
¢. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
f. Outline steps for a quantity production method

31. Additional information: (toxicity, hazatds, deterioration, oxygen balancs, cdotonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, deta books, etc, that refer to the

compound. )
Galculated lead-block value = [I2
¢ Methcd of feraiet R + No. 512, n.8.
Galculated ballistic-mortar value = 1?6/) - SRar 9 P8
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Date Questionnsire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed to be of importance in the study of & compound
which may possibly be used as a constituent of s0lid propellants or other explosives. It is not expected
that all tgi: information will be availlable for over{ compound, For example, with a compound showing poor
stability, it is prodbadbly not advigable to investigate that compound farther. After placing such information
as is available for a compound which you have prepared or tested on one of these forms, send it to SOLID
PROPELLANT INFORMATION AGENCY, APL;JH%}. 8621 Georgia Avemune, Silver Spring, Me.r{la.nd. As additional infor-
mation on the same or mew compounds accrues, forward it on a similar Torm at a later date. The information
submitied on these forms will be rewritten and published by SPIA in loose-leaf manual form. These forms
may also be used as work or data shests for your experimenial studies. Extra copies are available upon
request from SPIA., Suggestioms for improvement of these forms are invited. If insufficient space has been
provided for any item, attach separate sheets,

COMPOUND: 3,6-Dinitraza 1,8~octane

Name _diammomum_dln&j.ﬁata Information submitted by:
Empirical formula &H18NR01g Activity Aerojet-General Corporation
Structure: (configuration) Person M. B.Frankel and L,T.Carleton
1}102 Date 1 Novenher 1953
EHQNCH2CH2NH2'HNO; )
[ 10, 10,
i

CH,NCH,.CH NCCJ + 2HNO, + 2H.0—> ’;H NCH,,CH, . NH 'HNO}] + 2C0

Preparation reaction(s): 2 22 2 3 2 2 A 2 2

1. Quantitative analysis:(% by weight)

Carbon Hydrogen Oxygen Nitrogen
Calculated from formula _ 19,89 5.01 30,93
By determination 20.56 5.01 30,78

2. Burning properties:(compared to nitrocellulose, under nitrogen at stmoepheric pressures)

(Taster? slower? residue? ete,)

3. Stability and Sensitivity: p1ot sny graphs on Discuss methods used when they vary
separate sheet from references., Give tempersture used.
(Use separate sheet if necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL =~ OBREEEEX  2.5-kg weight
b. Thermal Stability OSRD 3401 p.8
c. Vacuum Stability NOL  OSEDXRXIK¥AR L8 hr at 1000C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOL  JOBROCEEOr(OEX
f.
g.
h.

RESULTS OF ABOVE TESTS

Reference compound New Compound test results
deaigration-TNT, Tetryl, N.C., etc,)

(
a. Tetryl, 32 cm/2.5 kg 58 cm/2.5 kg

c. 0.0 co7g

€. 317°C

4. Heat of formation: (AH) +  ~159 Kg. calories at 26°C., 1 atm, pressure
(indicate sign)
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By Experiment By Calculation Method
Do:g:igt:gnn::.:::;;-onco. Separate
5. Energy of explosion .
1 ?atg&o(‘ Hgo 1iqu(d ) cal/gm
6. Heat of combustion (H,) 2816 cal/gm 2880 Aerojet Report No, L17A
(at 259, Hy0 Liquid)
7. Specific impulse (Igp) calc: lb-sec/1b
8. Physical form of compound (viscous linuid, crystalline tyve, etc.) White, crystalline gsolid
9. Simple microscope analysis data:

(crystal studies)
10. Density{(llacro method) 1 m/cm3 (Micro or other method)
N

xolain on seperate sheet any unique methods you use, )
12, Color _white 13. Odor

gm/cm3.

11. Index of refraction: (n§°C*) none .

14. pH at 25°C. 3.9 {Method reference OSRD 3401 v.4, or OSRD 5968, Indicate method used, i,e.
solvent and concentrations used, pH indicator vever or Beckman pH meter.) With Beckman meter,

saturated solution in acetone /water (5/1 volume ratio)

(EEEERERRERRREE
L LR
| i : ﬁ A S S
b ' i ! +‘ o S
! - ,1 " xi\“ f ne L
| ] \ ﬂ
| o TN
| 5 \
i 7 ,v\*
2 i |
1 - - ,,.‘L‘%L

A o
Ultraviolet Absorption Spesctrum of 3,6-Dinitraza 1,8-Octane
Diammonium Dindtrate in Water

20. Melting point 185-190  °C.
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21. Freezing point vs. Time Curve: (Plesse mark the coordinates with scale values that apply to the compound
under study.)

TEMPERATURE °C.

TIME

22. Solubility of new compound:
1) g/100 ml Hq0 at 25°C. g/100 ml Hq0 at “C.

£0.1 g/100 ml acetone at 25 °C.
(name material used as solvent)

<0,1 g/100 ml toluene at 25 °C.
(name material used as solvent)
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Under compatability we are considering the sbility of two compounds to be in intimate contact (Note

OSRD 5758 p. 21—22; over a long period of time without adverse effects on either the chemical or physical
oroperties of either meterial, These tests will probably be of varied extent. They might be agome of

the followings (a) Standerd stebility tests. (b) Simple observetions of exudstion or separation at
embient or accelerated tempersture. (c) Prepere thin sheets (,025" thick, 1" square) of the plasticized
material, Seperate the sheets with strios of cigsrette peper or carbon paper and compress the stack in

8 "C¥% clamp, After several days note the oily collection on the veper, Please give reference to or
describe procedure used, Item 28 1s to indicete results when the compound is in contact with some meteri-
a8l other than ethyl cellulose, nitrocellulose or rubber,

25. Compatability with ethyl cellulose:

26. Compatability with nitrocellulose:

27. Compatability with rubber:

28. Compatability with

29. Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures ("ith additives)
(c) Inhibiting action on polymerization of:
Thiokol
Methacrylate
Other compounds
30. Avallability
a. Amount now available? research quantities
b, When was available material first prepared?
c. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
f. Outline steps for a quantity production method

31. Additional information: (toxicity, hazaids, deterioretion, oxygen balance, detonation rate, explosive

powerl,m;m);e of hydrolysis by water, etc, List references, reports, deta books, etc. that refer to the
coapound,

AY
——Calcnlated Jead-block vaiue = 107 4
Calenlated ballistic—-mortar value = '12‘;/} p.8
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Tete Questionneire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

1isted below are the characteristics which are believed to be of importance in the study of a compound
which may possibly be used as a constituent of solid propellants or other explosives. It is not expec ed
that all tﬁis information will be awvailable for ovar{ compound, TFor example, with a compound showi:g poor
stability, it is probably not advisable to investigate that compound farther. After placing such informatior
as is aailable for a compound whi¢h you have prepared or tested on one of thess forms, s it to SOLID
PROPELLANT INFORMATION AGENCY, Amj JB%, 8621 Georgia Avenue, Silver Spring, Maryland. As additional infor.
nmation on the same or new compounds accrues, forward it on a similar Torm at a later date. The iaformation
submitied on these forms will be rewritten and publishked by SPIA in loose-leaf manual form. These forams
may also be used as work or data sheets for your experimental studies, Extra copies are availabdle uponm
request from SPIA, Suggestions for improvement of these forms are invited. If imsufficient space has been
provided for any item, attach separate shests.

COMPOUND: 3,3,5,7, T-Pentanitro 5-aza

Name 1,9-Nonane diammonium dinitrate Information submitted by:
Empirical formula CpH18N10U14 Activity Aerojet-General Corporation
Structure: (configuration) " Person ) B .Frankel and L.T.Carleton
1:102 1'\102 Date  _]1 Novemher 1953
N CH2(.JCHZCH2NH2-HNOEI Nop - M0, 02 1%
2 —— + PR .
N02 N CHQC‘)CHZCHeNCO]2 2HNO3 + 2H20—>N CH2('IJCH20H2NH2 HNO;Z*'ZCOz
Preparation reaction(s): NO2 NO2
1. Quantitative analysis:(£ by weight)
Carbon Hgdr?en Oxygen Nitrogen
. Calculated from formula _18.83 .5 7.5
By determination 18,95 3,88 27,10
2. Burning properties:(compared to nitrocellulose, under nitrogen at atmospheric pressures:)
{Paster? slower? residue? ete,)
3. Stability and Sensitivity: plot any graphs on Discuss methods used when they vary
separate sheet from references, Give temperature used.
(Use separate sheet if necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL™ GSRmBiEx 2.5=kg weight
b. Thermal Stability OSRD 3401 p.8
c. Vacuum Stability NOL XOSHBDOSREK PN 18 hr at 100°C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOL CSHRIEABYX B
f.
g.
h.
RESULTS OF ABOVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.)
:: Tetryl, 32 em/?.5 kg 37 em/2.5 kg
;. Over 30 ¢c/e/li8 hr
e. 1979C
f.
»~ g.
h.
4, Heat of formation: (aH) +  -209 Kg. calories at 26°C., 1 atm. pressure
v (indicate 2ign)
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CONFIDENTIAL SPIA /M3
By Experiment By Calculation Method
Dt P aonensany 00 Separnte
. Energy of explosion (Q) al .
5 et5s00 THh0 liquid cal/gm
6. Heat of combustion (H,) 2270 cal/gm __ 2353 Aerciet Report No. L17A
(st 2500, Hy0 liquid)
7. Specific impulse (Igp) calc: Ib-sec/1b
8. Physical form of compound (viscous liouid, crystalline tyve, etc.) wWhite needle-shaped crystals
9. Simple microscope analysis data:
(crystal studies) 86 3
10. Density{Kacro method) _ 1. m/cm3. (Micro or other method) __ ______  _ gm/cm3.
y (%xo{ain on separate sheet any unlque methods you use.)g
11. Index of refraction (n%°°C*) 12. Color _ white 13. Odor none .
14, pH at 25°C. .O* (Method reference OSRD 3401 v.4, or OSRD 5968, Indicate method used, i.e,
solvent and concentrations used, pH indicator pever or Beclman pH meter,) With Beg_kman
meter, in saturated aqueous solution

log €

e
llé/-l

250 300 350

A
Ultraviolet Absorption Spectrum of 3,3,5,7, 7-Pentanitro-S-aza- '
1,9-Nonane Diammonium Dinitrate in Water

20. Melting point: 178-183 ¢, (d)

* Decreasing slowly.
Page 18
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21. Freezing point vs, Time Curve: (Please mark the coordinates with scale values that apply to the compound
under study.)

TEMPERATURE °C.

TIME

* 22. Solubility of new compound:

d

0.2 g/100 ml Hg0 at 25°C. g/100 ml H,0 at

<0.1 g/100 ml acetone at 25 _°c.
(name material used as solvent)
<0.1 €/100 ml toluene at 25
“(name material used as solvent)

g
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" Under compatsbility we are considering the ability of two compounds to be in intimste contact (Note "
OSRD 5758 p. 21-22; over a long period of time without sdverse effects on either the chemical or physical

oroperties of either material. These tests will probably be of varied extent., They might be ascae of

the following: (a) Standard stability tests. (b) Simple cbservations of exudation or separation at
ambient or sccelerated temperature. (c) Prepsre thin sheets (.025" thick, 1" square) of the plasticized
waterial, . Separste the sheets with strivs of cigarette psper or carbon paper snd compress the stack in

a "C® clemp, After several deys note the olly collection on the vaper, Please give reference to or
describe procedure used, Item 28 i3 to indicete results when the compound 1s in contect with some meteri-
al other than ethyl cellulose, nitrocellulose or rubber,

25. Compatability with ethyl cellulose:

26. Compatability with nitrocellulose:

27. Compatability with rubber:

28. Compatability with

29. Polymerizing properties of the new compound:

(a) By itself

(b) In mixtures ("ith additives)

(c) Inhibiting action on polymerization of:
Thiokol

Methacrylate

Other compounds

30. Availability
a. Amount now available? research quantities
b. When was available material first prepared?
c¢. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
1. Outline steps for a quantity production method

1. Additional information: (toxicity, hazatds, deterioretion, oxygen balance, cetonation rete, explosive
pouerl,mgu)ue of hydrolysis by water, etc. List references, reports, deta books, etc. that refer to the
compound,

N
Galculated lead-block value = _|3b

2 Method of Aerojet Heport No, 512, D.D.
Galenlated ballistic—mortar value = -I)l)j

Page 20
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Dete Questionneire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed %o be of importance in the study
tha.g ﬁytgossibly be used as a constituent of solid propellamts or other explosives. It is
a

No. 770
3

of a compound
not expected

is information will be available for eve
stabili.tyh

as is awvailable for a compound which you
PROPELTANT INFORMATION AGENCY, APL/JHl. @
mation on the same or mew compounds accrues, forward it
submibtted on these forms will be rewritten and pudlished b

have
621

compound
it is probably not advisable to investigate that compound farther.
prepared or teste
21 Georgia Avenue, Silver Spring, Maryland.
on a similar

For example, with a compound ahowl:s pooz
After placing suck informatior

on one of these forms, send it to.SOLID

As additional infore.

orm at a later date. The information

SPIA in loose-leaf manual form. These foras

nay also be used as work or data shests for your experimental studies.

Extra conles are available upon

request from SPIA. Suggestions for improvement of

hese forms are invited,

1f insufficient space has been

provided for any item, attach separate sheets,

COMPOUND: 1;7-Dinitrato li,L-dinitro

Name heptane Information submitted by:

Empirical formula C7HyoN} 070 Activity Aerojet~General Corporation
Structure: (conf1guration) Person M,B.Frankel and L.T.Carleton
Date 1 Novembey 1953
War I No, HNO, 102
G— CH,CH,CH,0NO,: ) C— |CH_ CH,,CH oﬂ 33 G |CH,,CH,.CH,,ONO
- — i 20T p 7 2772772 2
N, NO -2 NO 2
Preparation reaction(s): 2 2
1. Quantitative analysiz:(% by weight)
Carbon Hgdr?en Oxygen Nitrogen
Calculated from formula 26.93 .8 .
By determination 27.17 .15 18.1,0

2. Burning properties:(compared to nitrocellulose, under nitrogen at stmoepheric pressure:)
(Taster? slower? residue? etc,)
3, Stability and Sensitivity: piot any graphs on Discuss methods used when they vary

separate sheet from references, Give tempersture used,
(Use seperste sheet 1f necessary.)
Name of test Recommended method
4. Impact Sensitivity OSRD 3185
b, Thermal Stability OSRD 3401 p.8
¢. Vacuum Stability OSRD 3401 p.10
d. Temperature of Explosion OSRD 3401 p.6
¢. Temperature of Ignition OSRD 3401 p.6
f.
g.
h.
RESULTS OF ABOQVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryli, N.C., stc.)
a,
b
Co
d.
e.
1.
g.
h.
4. Heat of formation: (aAB) +  -12 Kg. calories at 26°C., 1 atm. pressure
ndicete sign
Page 21
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CONFIDENTIAL SPIA /M3
By Experiment By Calculation Method '
DR T nenensany 0 Separste
. of explosion 1 .
R N e fem
6. Heat of combustion (H,) 3015 cal/gm _ 3103 Aerojet Report No. L17A
(at 2590, Hy0 liquid)

7. Specific impulse (Igp) calc: Ib-sec/1b

8. Physical form of compound (viscous 1iouid, crystalline tyve, etc.) flaky white crystals

9. Simple microscope analysis data:
(crystel studies)

10. Density{Macro method) m/cm3. (Micro or other method) gm/cm3.
lain on separate sheet any unique methods you use.)
11. Index of refraction: (n3°°C-) 12. Color white 13. Odor none .
14, pH at 25°C. __ 8,6 (Method reference OSRD 3401 v.4, or OSRD 5968, Indicate method used, i,e.
solvent and coreentrations used, pH indicator pever or Beckman pH meter,) W, Beck r

0.008 M in acetone /water (5/1 volume ratio)

1

N ST
N
1
*
LTE
II-/-d
250 360 350
Al m
Ultraviolet Absorption Spectrum of 1, 7-Dinitrato lj, b-Dinitro
Heptane in Methanol v
20. Melting poimk 28 C.
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31, Freezing point vs, Time Curve: (Please mark 1):ho coordinates with scele values that apply to the compound
under study.

TEMPERATURE °C.

TIME

22. Solubility of new compound:

< 0.1 €/100 ml Hq0 at 25°C. g/100 ml Hg0 at °C.

Xearly o g/100 ml acetons at 25 °c.
(name material used as solvent)

nearly O g/100 ml toluene at 25 °C.

(name material used as solvent)

. R, SPECTROPHOTOMETER WAVE NUMBERS IN M WAVE NUMBERS IN CM-
5000 ' n #00 625
Mt 4% T DO T O USRI TN 00 O DL OO TOPOOONS NN DL, . A
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SAMPLE i \ 4 - i I n JI (‘ H i
1,7-Dinferato b ledinitro L il t T l % H T80
e 5] - SErE . BELR AT PN TR T RN T ; Il s
Susparslon in white wineral % T 'I l T T Q
otle g B SUEE g ) i N 4. N\ 14 R .3 | Hdht 4 [ Y !,\ 5 } 1 E
60 50 E
3 ! : Wy P R WNRY r ] i §
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FRGM T v 12 utn g i : + : + i : | 1 - E—
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e % 111 i g
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oeey I WAVE LENGTH IN MICRONS WAVE LENGTH IN MICRONS . |
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25.

26.

a1.

28,

29.

30.

.

Report No. 770
CONFIDENTIAL SPIA /M3

Under competability we are considering the ability of two compounds to be in intimste contact (Note

OSRD 5758 p. ?l-22§ over & long period of time without adverase effects on either the chemical or physical
oroverties of either materisl, These tests will probably be of varied extent, They might be asome of

the followings (a) Standerd atebility tests. (b) Simvle observations of exudation or separation at
ambient or accelerstnd temversture. (c) Prepere thin sheets (.025" thick, 1" square) of the plasticized
material, Seperate the sheets with strlos of cigarette paper or cerbon paper and compress the stack in

a8 "C" clamp, After several days note the oily collection on the vaper. Please give reference to or
describe procedure used, Item 28 1s to indicete results when the compound is in contect with aome materi-
al other than ethyl cellulose, nitrocellulose or rubber,

Compatability with ethyl cellulose:

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with

Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures ("ith additives)
(c) Inhibiting action on polymerization of:

Thiokol
Methacrylate
Other compounds

Availability
a. Amount now available? research guantities
b. When was available material first prepared?
¢. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
f. Outline steps for a quantity production method

Additional information: (toxicity, hazatds, deteriorstion, oxygen bslance, detonation rete, explosive
powerl,m;a:)le of hydrolysis by water, etc. List references, reports, dets books, etc. that refer to the
(e Yelo) .

Lalculated lead-block value
Lalenlated hallistic-mortar value

n

AY
120 )

132)
Z
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Date Questionnaire on

COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed to be of importance in the study of a compound

which may Koasi.bly be used as a constituent of solid propellants or other
that all this information will be available for ever¥ compound.,
t is probably not advisable to investigate

stability, i

as is available for a compound
PROPELLANT INFORMATION AGENCY,
nation on the same or new compo

nay also be used
request from SPIA.

Suggestions for improvement of

oxplosives., It is not expected
Por example, with a compound showing poor
that compound farther. such informatior

o placigs it %o SOLID

which you have prepared or tested on one of those forms, se

LPIjJH{V, 8621 Georgis Avemue, Silver Spring, Maryland. As additional infor-
s accrues, forward it

submitted on thesoe forms will be rewritten and published b

as work or data sheets for your experimsntal studies.

ornm at a later data. The information
SPIA in loose-leaf manual form. These forms
Extrs copies are available upon
1f insufficient space has been

on a similar

hese forms are invited.

provided for any item, attach separate sheets,

COMPOUND: l-Nitrato-3,5,5-trinitro~3-aza-

Name _hexane Information submitted by:
Empirical formula CoHONeOg Activity Aerojet-General Corvoration
Structure:{configuration) Person o L.T.Carleton
N02 NO2 Date _] November 1983
}
\JHBCI1C}{21\ICI-I2CH20NO2 I’\TO2 1;102 HNO II\YO2 I‘\IO2
NO2 CHBC'}CHzNCHQCHon -—2‘§ CHB(,JCHZNCHchzONO2
Preparation reaction(s): NO2 NOZ
1. Quantitative analysis:(% by weight)
Carbon Hgdrcgen Oxygen Nitrogen
Calculated from formula _21.21 o2 2l 7h
By determination 217l 3.51 25.31
2. Burning properties:(conpsred to nitrocellulose, under nitrogen at atmospheric pressure;)
{Taster? slower? residue? etc,)
3. Stability and Sensitivity: plot any graphs on Discuss methods used when they vary

separate sheet

from references, Give temperature used.
(Use separste sheet if necessary.)

Name of test Recommended method
a. Impact Sensitivity NOL 2.5-kg weight
b. THermal Stability OSRD 3401 p.8
¢. Vacuum Stability NOL  GSREBABKRa% 100°C
d. Temperature of Explosion OSRD 3401 p.68
e. Temperature of Ignition OSRD 3401 p.6
f.
g.
h.
RESULTS OF ABOVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.)
a. Tetryl, 32 cm/2.5 kg 21 cm/2.5 kg
h.
:. 1.1 cc 8 hr: 1.5 cc/eg/120
e.
1.
g.
h.
4. Heat of formation: (aAH) + ~73 Kg. calories at 25°C., 1 atm. pressure
(indlcate sign)
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CONFIDENTIAL SPIA /M3
By Experiment By Calculation Method ’
Dougrit\ggn or reference. Separate
5. Energy of explosion (Q) cal/gm sheed 17 necsssary.

st 250C, Hp0 liguid

. Heat of combustion (H,) 2487 cal/gm 2533 Aerojet Report No. L17A
(at 2590, Hy0 liquif)

6
7. Specific impulse (Igp) calc: Ib-sec/1b
8

. Physical form of compound (viscous liouid, crystalline type, etc.) Wwhite, crystalline solid

9. Simple microscope analysis data:
(crystal studies)

10. Density{Macro method) 1.73 gm/cm3. {Micro or other method) m/cm3.

¥ (NOL) (Exo/lain on seperate sheet any unique methods you use.)g
11. Index of refraction: (n3°"C*) 12. Color _ white 13, Odor __none .
14, pH at 25°C. (Method reference OSRD 3401 v.4, or OSRD 5968, Indicate method used, i.e,

solvent and concentratlons used, pH indicator vever or Beciman pH meter.) With Beckman meter,
0,019 M in acetone/water (5/1 volume ratio)

b

i : i

f
[
R i
‘ '
1
I

i
e —

O DU

log €

e
7153

A me

Ultraviolet Abserption Spectrum of 1-Nitrato-3,5,5-trinitro -

3-aza-Hexane in Methanol
20. Melting point: _116-117 °C.
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21. Freezing point vs. Time Curve: (Please mark ;.hn coordinates with scsle values that apply to the compound
under study.

TEMPERATURE °C.

TIME

22. Solubility of new compound:
<0.1 g/100 ml H40 at 25°C. g/100 ml Hq0 at .

23 g/100 ml acetone at __ 25 °C.
(name material used as solvent)

0.2 /100 ml tolusne at___ 25 °C.
(name material used as solvent)

l
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Under competability we are considering the ability of two compounds to be in intimste contact (Note .
OSRD 5758 p, ?1-22§ over 8 long period of time without sdverse effects on either the chemical or physical

vroverties of elther materisl, These tests will probably be of varied extent, They might be some of

the followings (a) Standard atability tests. (b) Simple observations of exudation or separation at
embient or accelerated temperature. (c) Prepsre thin sheets (.025" thick, 1" aquare) of the plesticized
material, Separate the sheets with strios of cigarette paper or carbon paper and compress the stack in

a "C® clamp, After aeveral days note the oily collection on the veper. Please give reference to or
deacribe procedure used, Item 28 1is to indicete reaults when the compound 1s in contact with some materi-
8l other than ethyl cellulose, nitrocellulose or rubber,

25. Compatability with ethyl cellulose:

26. Compatability with nitrocellulose:

27. Compatability with rubber:

28. Compatability with

29. Polymerizing properties of the new compound:

(a) By itself

(b) In mixtures (¥ith additives)

(c) Inhibiting action on polymerization of:
Thiokol

Methacrylate

Other compounds

30. Availability
a. Amount now available ? regearch guantities
b. When was available material first prepared?
¢. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
1. Outline steps for a quantity production method

31. Additional information: (toxicity, hazatds, deterioration, oxygen balance, detonation rate, explosive
powerl,m;use of hydrolysis by water, etc, List references, reports, deta books, etc., that refer to the
compound,

N\
Galculated lead-biock value = THhe )
< Method of Aeroijet Heport NO. Hie .8
Taiculated ballisticmortar valus = 1B . 2 e D
Z
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Date Questionnsire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed to be of importance in the study of a compound
which may Rossibly be used as a constituent of s0lid propellants or other explosives. It is not expected
that all this information will be available for every compoundi. For example, with a compound shoui:g poor
stability, it is probably not advigable to investigate that compound farther. After placing such informatior
as is awvailable for a compound which you have prepared or tested on one of these forms, send it to SOLID
PROPELLANT INFORMATION AGENCY, APL7 , 8621 Georgia Avemus, Silver Spring, Maryland. As additional infore
mation on the same or new compounds accrues, forward it on a similar form at a later date. The iaformation
submitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These forms
may also be used as work or data sheets for your experimental studies. Extra coples are available upon
request from SPIA. Suggestions for improvement of thess forms are invited. If insufficlient space has been
provided for any item, attech separate sheets.

COMPOUND: 2, 2,6,9,9~Pe ntanitrO—h—oxa-S-—keto

Name 6-gza-decane Information submitted by:
Empirical formula GgHy2Ne072 Activity Aerojet—General Corporation
Structure: (configuration) Person ) .B.Frankel and L.T.Carlston
Date 1 November 1953
o, W, o,
GHy50H,CH, NGO, 0H, GO
X0, N,
'f?z 10z N, H 202 HNO N0 WO, WO,
GH500H,CH,NCO + HOH,CCH; —— Cit;0H O, 10, Ci0H —3 G 100K, i, 100, OH, ity
NG, o, No,, N, N, N,

1. Quantitative analysis:(% by weight)

Carbon Hydrogen Oxygen Nitrogen
Calculated from formula _ 25 ,0] . 21.88
By determination oC 0k 3,36 21.73

2. Burning properties:(compared to nitrocellulose, under nitrogen at stmospheric pressure:)

“{Taster? slower? residue? ete,)

3. Stability and Sensitivity: Pict any graphs on Discuss methods used when they vary
separate sheet from references. Give tempersture used.
(Uae separate sheet if necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL SR SIFX 2.5-kg weight
b. Thermal Stability OSRD 3401 p.8
c. Vacuum Stability NOL G 3XaK gAY -100°¢
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOLOBRI 34YI{ g 8K
f.
g.
h,
RESULTS OF ABOVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.)
:: Tetryl, 32 em/2.5 kg . L7 cm/2.5 kg
c. Class II
d.
e. 293°C
f.
g
h.
4, Heat of formation: (AH) + ~1L7 Kg. calories at 26°C., 1 atm. pressure

(Indicate eI}
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By Experiment By Calculation Method
D S necereany ot Separate ’
5. Energy of explosion (Q) cal/gm .
at 250C, Hy0 liquid
6. Heat of combustion (H.) 2613 cal/gm 2666 Aerojet Report No. U174
(at 2500, Hy0 liquid)

7. Specific impulse (Igp) calc: lb-sec/1b

8. Physical form of compound (viscous linuid, crystalline tyve, etc.) White crystalline solid

9. Simple microscope analysis data:
(erystal studies) ¢ 3 ( ) Jem3
10. Density{Macro method) l;_l__&m/cm . Micro or other method) __ __ gm/cm3.

(NOL) xolain on seperate sheet any unique methods you use,)
11. Index of refraction: (n%°°C-) 12. Color _ white 13. Odor nore .
14, pH at 25°C. {Method reference OSRD 3401 v.4, or OSRD 5968, Indicate method used, i.e,

solvent end concentrations used. pH indicator vever or Beckman pH meter,) Iith Beckman meter,
0.02L4 M in acetone/water (5/1 volupe ratio)

e .
i-7-53 Y 6

250 300 350
Ar M
Ultraviolet Absorption Spectrum of 2,2,6,9,9-~Pentanitro L-oxa
-Keto 6-Aza-Decane in Methanol

20, Melting point _70-72 °C. .
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21, Freezing point vs. Time Curve: (Please mark the coordinates with scale values that apply to the compound
under study.)

TEMPERATURE °C.

TIME
22. Solubility of new compound:
<0.1 g/100 ml Hg0 at 25°C. g/100 ml H20 at c.
160 g/100 ml acetone at 25 °C.
(name material used as solvent)
L.3 /100 ml +oluene at 25 °C.

(name material used as solvent)
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25.

26.

21.

8.

29.

| 30.

a1,
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Under compatability we are considering the ability of two compounds to be in intimate contact (Note

OSRD 5758 p. 21-22; over a long period of time without sdverse effects on either the chemical or physical
vroperties of either materisl, These tests will probably be of varied extent. They might be gome of

the following: (a) Standard stability tests. (b) Simple observations of exudation or seperation at
axbient or accelersted temperature, (c) Prepere thin shests (.025" thick, 1" square) of the plasticized
material. Seperate the sheets with strips of cigarette paper or carbon peper and compreas the atack in

a "C" clemp., After meveral deys note the oily collection on the veper, Please give reference to or
describe procedure used., Item 28 is to indicete results when the compound is in contect with some materi-
al other than ethyl cellulose, nitrocellulose or rubber,

Compatability with ethy! cellulose:

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with

Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures (With additives)
(c) Inhibiting action on polymerization of:

Thiokol
Methacrylate
Other compounds

Availability
a. Amount now available? research auantities
b. When was available material first prepared?
c. Amount prepared at that time?
d. Is large production feasible?

e. Plant capacity in existance, lbs/day?
1. Outline steps for a quantity production method

Additional information: (toxicity, hazards, deteriorstion, oxygen balance, cetonation rate, explosive

power, :a;e of hydrolysis by water, etc, List references, reports, deta books, etc, that refer to the
compound,

Calculated Tead-blcck value

TF

26f lizthod of Aercijet report No, 512, p. 8

#

Galculated ballistic-mortar va.ue

Z
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Date Questionnaire on

COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed to be of importance in the study of a compound
which may possibly be used as a constituent of solid propellants or other explosives. It is not expected
that all tgil information will be available for ever¥ compound. For example, with a compound mowi:g poor
stability, it is probably not advisable to investigate that compound farther. After placing such informatior
as is available for a compound which you have prepared or tested on one of these forms, send it to SOLID
PROPELLANT INFORMATION AGENCY, A.PIjJ’Hﬁ, 862) Georgia Avenue, Silver Spring, Maryland. As additional infore
mation on the same or new compounds accrues, forward it on a similar Torm at a later date. The information
submitted on thess forms will be rewritten and published by SPIA in loose-leaf manual form. These foras
may also be used as work or data sheets for your experimental studies. Extra copies are avajlable upon
request from SPIA. Suggestions for improvement of these forms are invited. If insufficient space has been
provided for any item, attach separate sheets.

COMPOUND: 2,2,6,9,9,9-Hexanitro L-oxa 5-keto

Name A-_gza-nonane Information submitted by:
Empirical formula C7HoN707], Activity Aerojet-General Corporation
Structure: (configuration) Person M,B,F n
Date 1 Novemher 1953
N0 NO
l& 2 | 2
(N0, ) 50CH,CH, NGO, CH, GCHy
NO
2
20, i 105 HNO,, No, MO,
(No,) ;00H,CHoNGO + HOCH,CCHy = (N0, ) J6CH,CH, NGO, GH,,CCHy ——=> (NO, ) 1CCH,OH,NCO,CH CCHy
- NO NO, NO
2 2 2
1. Quantitative analysis:(%£ by weight)
Carbon Hydrogen Oxygen Nitrogen
Calculated from formula 20,25 2.19 23.62
By determination 20.51 2.22 21,08

2. Burning properties:(compared to nitrocellulose, under nitrogen at atmospheric pressure:)

(Taster? slower: residue? etc.)

3. Stability and Sensitivity: Plot any graphs on Discuss methods used when they vary
separate sheet from references, Give tempersture used,
(Use separate sheet if necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL ~ OSHIX BY8K 2.5-kg weight
b. Thermal Stability OSRD 3401 p.8
c. Vacuum Stability NOL YOSHIXABKSIAD 18 hr at 100°C
d. Temperature of Explosion OSRD 3401 p.68
e. Temperature of Ignition NOL YOSRI{OSABK B
f.
g.
h.
RESULTS OF ABOVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc,)
a. Tetrvl, 32 em/?.5 kg , 16 em/2.5 kg
b,
g. Class III —
e. 2250G
1.
g-
h.

4. Heat of formation: (AH) + =11l Kg. calories at 26°C., 1 atm. pressure
ndicate sign
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By Experiment By Calculation Method
Dugrigt{s;n or reference. Separate

5. Energy of explosion (Q) cal/gm shea nscessary.

at 2500, Hy0 liquid
6. Heat of combustion (H,) 2051 cal/gm 2033 . Aeroijet Report No, L174

(at 2500, Hy0 liquids
7. Specific impulse (Igp) calc: Ib-sec/lb
8

. Physical form of compound (viscous licuid, crystalline tyve, etc.) White, needle-shaped
crystals

9. Simple microscope analysis data:
(crystal studies)

10. Density{Macro method) m/cm3.  (Micro or other method) __
12in on seperate sheet any unique methods you use.)
11. Index of refraction: (n%° C*) 12. Color __white  13. Odor _ none .

14. pH at 25°C. )15 (Method reference OSRD 3401 v,4, or OSRD 5968, Indicate method used, i.e.
solvent and concentratlions used, pH indicator vever or Beckman pH meter.) With Beckman pH

meter, 0,01l in acetone/water (5/1 volume ratio)

gm/cm3,

Log €
/|

0 300 350

Ar mu
Ultraviolet Absorption Spectrum of 2,2,6,9,9,9-Hexanitro Li~Oxa=

5-Keto-6-Aza-Nonane in Methanol
20, Melting point __ 67 °C.
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21, Freezing point vs. Time Curve: (Pleese merk the coordinates with scsle values that apply to the compound

under study.)

TEMPERATURE °C.

TIME

22. Solubility of new compound:

<0.1 g/100 ml Hp0 at 25°C. g/100 ml Hy0 at C.
212 g/100 ml acetone at 25 C.
(name material used as solvent)
3.0 g/100 ml toluene at 25  °C.
(name material used as solvent)
A
R SPECTROPHOTOMETER wlw w00 o0 g WAVE NUMAERS IN CMd WAYE NUMBERS IN CM
W—&P&M—-—w 100 = ‘lllll I N Azomlnl L \ lslool“??n:alm |”l°j:1|”l°.°|x.lumx.>u (Y S B PRSP NP DO BN NPV B | ! .713 Il 1 | 825
DATE i INDEX e c . . o
100 F— RS G NN N - L N -
SAMPLE © - - , . - .
i et ' {w
Suspenston 1n g PSR U ST U S BV /J 1 / i 3
R Sl K | ) T — i
= Ot - 12 win 2 Lol VAL ‘ [\ i VY . _g_
s cute, wd o Gl 1 L Ce v :/ ,.f"\/ V,\Ml T - K
L cus,% L.‘i.,.AL.:l/‘.../,.A . .['.V N TTTIME
SHe wel Wl ® T s ! AT I . E_,"
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Under compatability we are considering the ability of two compounds to be in intimste contact (Note

OSRD 5758 p. 21-22; over 8 long period of time without sdverse effects on either the chemical or physical
oroperties of either material. These tests will probably be of varied extent, They might be some of

the following: (e) Standard stability tests, (b) Simple cbservationa of exudation or separation st
ambient or accelerated temperature. (c) Prepere thin sheets (,025" thick, 1" square) of the plasticized
material, Separste the sheets with strins of cigarette peper or cerbon paper and compress the stack in

a "C®" clemp, After several deys note the oily collection on the vaper, Please give reference to or
describe procedure used, Item 28 is to indicete results when the compound is in contsct with some meteri-
al other than ethyl cellulose, nitrocellulose or rubber,

Compatability with ethyl cellulose:

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with

Polymerizing properties of the new compound:
(a) By itself
{b) In mixtures ("ith additives)
(c) Inhibiting action on polymerization of:
Thiokol
Methacrylate
Other compounds ‘
Availability
a. Amount now available? research quantities
b. When was available material first prepared?
c. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
1. Outline steps for a quantity production method

Additional information: (toxicity, hazatds, deterioretion, oxygen balance, detonation rate, explosive

power, ;a;e of hydrolysis by water, etc, list references, reports, deta books, etc. that refer to the
compound,

<

\\

Galculated lead-block value

153
7 _Method of Aerojet Report No, 512, p.8.

Calenlated hallistic mortar value

150
/

I
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Data Questionnaire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed to be of importance in the study of a compound
vhich may possibly be used as a constituent of solid propellants or other explosives. It is not expected
thet all tﬁis information will be availlable for ever¥ compound. For example, with a compound shoui:g poor
stabilidy, it is probably not advisable to invesbigate that compound farther. After placi such information
as is available for a compound which you have prepared or tested on one of these forms, send it to SOLID
PROPELLANT INFORMATION AGENCY, API) , 8621 Georgia Avenue, Silver Spring, Mariland. As additional infor-
mation on the same or new compounds accrues, forward it on a similar form at a later date. The information
submitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These forms
may also be used as work or data sheets for your experimental studies. Extra copies are available upon
request from SPIA. Suggestions for improvement of these forms are invited. If insufficient space has been
provided for any item, attach separate sheets.

COMPOUND: 1,1,1,L,8,8,12,15,15,15-Decanitro L,l2-diaza
Name 5,11-diketo-6,10-dioxa-pentadecane Information submitted by:

Empirical formula 171H71oN7000), Activity Aerojet-General Corporation

Structure: (configuration) I Person L.T.Carleton
Date 1 November 1923

102 N0,

EN% )56CH,CH 2NCOZCHQ =
N,

H NO NO
12 ) | 2 HNO | 2 | 2
2(N0,,) ;C0H,CH,NCO + C— |EJH20}E] —-9ENO2)BCCH20H2NCOZCH2 - — ENOZ)BCCH2CH2N0020H2 —C
I 2 2 b 2 o
. 2 2
1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen
. Calculated from formula _ 18,97 1.7L 2haal
By determination 19,29 2.00 2),.21
2. Burning properties: (compared to nitrocellulose, under nitrogen et atmoepheric pressures:)
(faster? slower? residue? etc.)
3. Stability and Sensitivity: plot any graphs on Discuss methods used when they vary
separate sheet from references, Give temperature used,
(Use separate sheet if necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL — JOSEI R 2.5-kg weight
b. Thermal Stability OSRD 3401 p.8
c. Vacuum Stability NOL dsRIX Y] L8 hr at 1009C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOL GORDIIBKAMK
f.
g.
h.
RESULTS OF ABOVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.)
;: Tetryl, 32 em/2.5 kg , 20 ¢m/2,5 kg
c. 5.0 cc/g
d.
e. 2129C
1.
g.
h.
4, Heat of formation: (AH) +  -167 Kg. calories at 26°C., 1 atm. pressure

~ (TndXcate sipm)
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By Experiment By Calculation Method
Dot P nerenaany o0r  oparate
. f explosion .
5 El}(:lt‘ggsgﬂ. Jx‘{go liqui(d?) cal/gm
6. Heat of combustion (H,) 183) cal/gm 178l Aerojet Report No, L17A
(at 2500, Hy0 liquid)
7. Specific impulse (Igp) calc: Ib-sec/1b
8. Physical form of compound (viscous liouid, crystalline type, etc,) White, crystalline solid

9. Simple microscope analysis data:
{crystal studies)

10. Density{Macro method) 1.7)_4 Em/cm3, (Micro or other method) gm/cm3.

(NOL) xvlain on seperate sheet any unique mm)
11. Index of refraction: (n%soc.) 12. Color White 13, Odor none

3%
14. pH at 25°C. 5.9 {Method reference OSRD 3401 v.4, or OSRD 5968, Indicate method used, i,e,
solveat and concentrations used, pH indicator pever or Beckmsn pH meter.) With Beckman meter,

0,009 M in acetone/water (5/1 volume ratio)

250 300 350
Aom
Ultraviolet Absorntion Spectrum of 1,1,1,.4,8,8,12,15,15,15-Decanitro
i, 22-diaza 5,11-diketo 6,10-dioxa-pentadecane in Methanol

20. Melting point _94,-96 C.

#

Decreasing rapidly.
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21. Freezing point vs. Time Curve: (Please mark ;.ho coordinates with scele values that apply to the compound
under study.

TEMPERATURE °C.

TIME

22. Solubility of new compound.
<0,1 g/100 ml Hg0 at 25°C. g/100 ml Hy0 at “C.

250 g/100 ml acetone at 25 °C.
(name material used as solvent)

g/100 ml at °C.
(name material used as solvent)

i
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26.

217.

a8.

29.

30.
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Under compatability we are considering the ability of two compounds to be in intimate contact (Note

OSRD 5758 p. 21-22; over 8 long period of time without adverse effects on either the chemical or physical
vroperties of either material. These tests will probably be of varled extent., They might be gome of

the following: (a) Standard stability tests, (b) Simple cbservationa of exudation or separation at
embient or accelerated temperature, (c) Prepere thin sheets (.025" thick, 1" square) of the plesticized
material, Separate the sheets with strivs of cigarette peper or carbon peper end compress the stack in

a "C® clamp, After several days note the oily collection on the veper, Please give reference to or
describe vprocedure used. Item 28 43 to indiczte results when the compound is in contact with some meteri-
al other than ethyl cellulose, nitrocellulose or rubber,

Compatability with ethyl cellulose:

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with

Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures (vith additives)
(c) Inhibiting action on polymerization of:

Thiokol
Methacrylate
Other compounds

Availability
a. Amount now available? research auanptities
b. When was available material first prepared?
¢. Amount prepared at that time?

d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
f. Outline steps for a quantity production method

Additional information: (toxicity, hazatds, deterioration, oxygen balance, detonation rete, explosive

power‘,m:;u)se of hydrolysis by water, etc, List references, reports, data books, etc, that refer to the
compound,

—
Calculated lead-bhlock value = Ibhg
—Lalenlated ballistic-mortar value = 1321 °
4
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Date Questionnsire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed to be of importance in the study of a compound
which may possibly be used as & constituent of solid propellants or other explosives. It is not expec ed
that all tgil information will be available for every compound. For example, with a compound showi:g poor
stabilidy, it is probably not advisable to investigate that compound farther. After placing such informatior
as is avallable for a compound which you have prepared or tested on one of these forms, s it to SOLID
PROPELLANT INFORMATION AGENCY, APL?JH%, 8621 Georgia Avenue, Silver Spring, Maryland. As additional infor-
mation on the same or new compounds accrues, forward it on a similar Torm at a later date. The information
submitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These forms
may also be used as work or data sheets for your experimental studies. Extra coples are available upon
request from SPIA. Suggestions for improvement of these forms are invited., If insufficient space has been
provided for any item, attach separate sheets.

COMPOUND: 1,1,1,5,8,11,15,15,15~Nonanitro 3,13-dioxa

Name - — - a e Information submitted by:
Empirical formula 10712812025 Activity Aeroiet~General Corporation
Structure: (configuration) Person M,.B,.Frankel and L.T.Carleton

Date 1 November 1953

NO NO
| 2 12 .
New CHQCHQNCOQCﬂac(NOZ);l » ——

%0, 30, , o, §°2 102
N— Ezuecmzncﬂe + 2HOCH,C(NO,) 5~ N | GH,CH,NCO,,CH,C(NO, ) ﬂz——a N— [CH,0H,NCO,CH,C(NO,) 5 \
1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen
Calculated from formula 18,1 1.86 28,77
By determination 18.98 2.23 25.87

2. Burning properties:(compared to nitrocelluloee, under nitrogen at atmospheric pressure:)

(faster? slower? residue? etc.)

3. Stability and Sensitivity: plot any graphs on Discuss methods used when they vary
separate sheet from references, Give tempersture used,
(Use separate sheet if necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL,  OSBIN I 2.5-kg weight
b. Thermal Stability OSRD 3401 p.8
¢. Vacuum Stability NOL OSHRDIXMNX HXiK L3 hr at 100°C
d. Temperature of Explosion OSRD 3401 p.8
e. Temperature of Ignition NOL XGOSR BABK pK
f.
g.
h.
RESULTS OF ABOVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.)

:: Tetryl, 32 cm/2.5 kg . 17 em/2.5 ke
c. 1.1 cc/e
d.
e. 22Q°¢C

. 1.
g
h.

- 4, Heat of formation: (AB) +  -159 Kg. calories at 26°C., 1 atm. pressure

(indicate sign)
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By Experiment By Calculation Method
Dﬁlcriguon or refsrence. Yeparate

5. Energy of explosion (Q) cal/gm sheed if necessary.

at 2500, Hy0 liquid
6. Heat of combustion (H,) 1826 cal/gm 1792 Aerojet Report No. L4174

(st 2500, HyO liquid)
7. Specific impulse (Igp) calc: Ib-sec/1b
8. Physical form of compound (viscous liouid, crystslline tyve, etc.) White, erystalline solid !

9. Simple microscope analysis data:
(crystal studies) |

10, Density{Macro method) _ 1,77 m/cm3. (Micro or other method) gm/cm3. |
xolain on seperate sheet any unique methods you use.) \

11. Index of refraction: (n$°°C-) 12. Color white 13, Odor  slight .

14, pH at 25°C. (Method reference OSRD 3401 o,4, or OSRD 5968, Indicate method used, i,e,

solvent and concentrations used, pH indicator vever or Beckman pH meter.) With Beckman meter,

0.008 M in acetone/water (5/] volume ratia)

I~
[ N
3 N
N
w N
kK <
\\
™~
N
2
A\
1
75 e = 1133 \(‘7
A, mu

Ultraviolet Absorption Spectrum of 1,1,1,5,8,11,15,15,15-Nonanitro
3,13-dioxa h,12-diketo 5,8,11-triaza~pentadecans in Methanol

20. Melting point: _]20-122 °C.
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21, Freezing point vs. Time Curve: (Please mark ()'.h‘ coordinates with scele values that apply to the compound
under study.

TEMPERATURE °C.

TIME

22. Solubility of new compound:
<0.1 g/100 ml Hg0 at 25°C. g/100 ml Hy0 at C.

100 g/100 ml acetone at 25 c.
(name material used as solvent)

<0.1 g/100 ml toluene at 25 °C.
(name material used as solvent)

!
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25.

26.

a1.

28.

29.

30.

31,
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Under compatability we are considering the ability of two compounds to be in intimete contact (Note

OSRD 5758 p. 21-22; over a long period of time without adverse effects on either the chemical or physical
vroperties of either materisl. These tests will probably be of varied extent. They might be gome of

the following: (a) Stendard stability tests. (b) Simple cbservations of exudation or separation at
ambient or accelerated temperature, (c) Prepere thin sheets {.025" thick, 1" aquare) of the plasticized
material, Separate the sheets with strivs of cigarette paper or carbon paper and compress the stack in

a "0R clemp, After several deys note the oily collection on the vaper., Pleasse give reference to or
describe procedure used, Item 28 1s to indicete results when the compound is in contsct with some materi-
al other than ethyl cellulose, nitrocellulose or rubber,

Compatability with ethyl cellulose:

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with :

Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures (vith additives)
(c) Inhibiting action on polymerization of:

Thiokol

Methacrylate

Other compounds

Availability

a. Amount now available? research quantities
b. When was available material first prepared?
c. Amount prepared at that time?
d. Is large production feasible?
e. Plant capacity in existance, lbs/day?
{. Outline steps for a quantity production method

Additional information: (toxicity, hazatds, deterioretion, oxygen balance, detonation rate, explosive
power, ea;e of hydrolysis by water, etc, Liat references, reports, deta books, etc, that refer to the
compound,

<
Galculated Jead-block value = 162

—— : Method of Aeroiet Report No. G512,
Calculated ballistic-mortar value = 110 il - _

L
g

]
0
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Date Questionnsire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believad to be of importance in the study of a compound
which may possibly be used as a constituent of solid propellants or cther explosives. It is not expected
that all tgis information will be available for every compound. For example, with a compound showi:g poor
stabilidy, it is prodably not adviseble to investigate that compound farther. After placing such information
as is available for a compound which you bave prepared or tested on one of these forms, send it to SOLID
PROPELLART INFORMATION AGENCY, AIE;JH*, 862)1 Georgia Avenue, Silver Spring, Mariland. As edditional infore
mation on the same or new compounds accruss, forward it on a similar Torm at a later date. The information
submitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These foras
may also be used as work or data sheets for your experixental studies. Extra copies are available upon
request from SPIA, Suggestions for improvement of these forms are invited. If insufficient space has been
provided for any item, attach separate sheets.

1,1,1,5,8,8,10,12,12,15,19,19,19~
coMPOUND: Tridecanitro 3,17-dioxa-li, 16-diketo

Name 5,10,15-triaza-nonadecane Information submitted by:
Empirical formula C11,16M 6030 Activity Aerojet—General Corporation
Structure: (configuration) Person ) .B.Frapkel and L.T.Carleton
Date
to, 10, 10 -1 Bozanber 1953
Nee H2(IJCH20H2NCOZCHZC(NO2)
No,,
Nop O, Yo MO H HNO, NO, . MO, MO,
N [cugc':cﬂzcn,zu@ ) 2HOGH,C (N0, ) 3 — N— EHZ?CﬂacﬂchochZC(NOZ); 2——> N E:Hac':cnzcn2nco?cﬂec(noz );' \
No,, No, No,,
1. Quantitative analysis: (% by weight)
Carbon Hydrogen Oxygen Nitrogen
Calculated from formula _]8,93 1.82 25.23
By determination 19.12 1.8 25,19

2. Burning properties:(compsred to nitrocellulose, under nitrogen at atmoepheric pressure:)

{Fasterr slower? residue? etc,)

3. Stability and Sensitivity: Plot any graphs on Discuss methods used when they vary
separate sheet from references, Give tempersture used.
(Use separate sheet if necessary.)
Name of test Recommended method \
a. Impact Sensitivity NOL™— OS&Z®BIEX ~ 2.5-kg weight
b. Thermal Stability OSRD 3401 p.8
c. Vacuum Stability NOL  CEBDUSARK pX0 L8 hr at 100°9C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOL mmxgﬂ
f.
g.
h.
RESULTS OF ABOQVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.) ’
;: Tetryl, 32 cm/2.5 kg 12 cm/2.5 kg
(c’. 1.l ccl/e
e. 217°C
1.
g.
h.
- 4. Heat of formation: (AH) + ~130 Kg. calories at 26°C., 1 atm. pressure

{Tod1cets simm)
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}
By Experiment By Caiculation Method
m-g:ggttgn\:«::e::{gmco. Separste
5. Energy of explosion (Q) cal/gm . ' :
at 250, Hp0 liquid
6. Heat of combustion (H,) 1951 cal/gm 1859 Aercijet Report No. 4174
(at 250, Hy0 liquid)
7. Specific impulse (Igp) calc: Ib-sec/lb
8

. Physical form of compound (viscous liouid, crystalline type, stc.)

9. Simple microscope analysis data:
(crystal studies)

10. Density{Mscro method) _1.76 gm/cm3. (Micro or other method) gm/cm3.
NQL) xolain on separate sheet any unique methods you use.)
11. Index of refraction: (n3°°C-) 12. Color 13. Odor .
14, pH at 25°C. 2, (Method reference OSRD 3401 v,4, or OSRD 5968, Indicate method used, i.e,
solvent and concentrations used, pH indicator vever or Beckman pH meter,) In
0.006 M in acetone/water (5/1 volume ratio)
N
\ »
“ A\
3
N
I~
\'Y)
¥ AN -
\\/
2 \
1
Lre '
11-1-53]
250 300 350
A, m
Ultraviolet Absorption Spectrum of 1,1,1,5,8,8,10,12,12,15,19,19,19~
Tridecanitro 3,17-dioxa k,16-diketo 5,10,15-triaza-nonadecane in Methanol *
20, Melting point: 150-151 .
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21. Freezing point vs. Time Curve: (Pleese mark the coordinates with scale values that apply to the compound
under study.)

TEMPERATURE °C.

TIME

22. Solubility of new compound:
<0.1 g/100 ml Hy0 at 25°C. /100 ml Hy0 at .
140 g/100 ml at 25 °C.

“(name material used as solvent)
<0.1 /100 ml toluene at 25 °C.
"(name material used as solvent)
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25.

21.

as,

30.

a1,
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Under compatabllity we are considering the ability of two compounds to be in intimate contact (Note

OSRD 5758 p. ?1-22; over & long period of time without adverse effects on either the chemical or physical
vroperties of either materlal, These tests will probably be of varied extent, They might be some of

the followings (a) Standard stability tests. (b) Simole cbservations of exudation or separation at
ambient or accelerated temperature, (c¢) Prepere thin sheets (,025" thick, 1" square) of the plasticized
material, Seperate the sheets with strivs of cigsrette paper or csrbon paper and compress the stack in

a "C® clamp, After several days note the oily collection on the vaper. Please give reference to or
describe procedure used. Item 28 is to indicete results when the compound is in contect with some meteri-
al other than ethyl cellulose, nitrocellulose or rubber,

Compatability with ethyl cellulose:

Compatability with nitrocellulose:

Compatability with rubber:

Compatability with

Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures (®ith additives)
(c) Inhibiting action on polymerization of:

Thiokol

Methacrylate

Other compounds

Availability

a. Amount now available? research quantities
b. When was available material first prepared?
¢. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
f. Outline steps for a quantity production method

Additional information: (toxicity, hazatds, deterioration, oxygen balance, detonation rate, explosive

pouerl,m;a;e of hydrolysis by water, etc, List references, reports, data books, etc, that refer to the
compound,

AY
Calculated Jlead=block value = 164 )

t Method of Aerojet Report No. 512 2.
Lalculated ballistic-mortar value = IL2) e £ 0 2lc, D
<z
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Data Questionneire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed to be of importance in the study of a compound

ch may gossibly be used as a constituent of solid propellants or other explosives. It is not expected
that all this information will be avallable for ovor¥ compound. For example, with a compound showing poor
stability, it is probably not advisable to investigate that compound farther. After placing such information
as is avallable for a compound which you have prapared or tested on one of thase forms, s it to SOLID

PELLANT INFURMATION AGENCY APIj , 8621 Georgia Avenne, Silver Spring, Maryland. As additional infor.
mation on the same or new compounds accrues, forward it on a similar form at a later_ date. %The information
submitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These forms
may also be used as work or data sheéeis for your experimsntal studies. Extra coplies are availablo upon
request from SPIA. Suggestions for improvement of these forms are invited. 1f insufficient space has boen
provided for any item, attach separate shests.

COMPOUND: 2,2,5,9,9,13,16,16-Octanitro-5,13-diaza-
Name §,12-diketo=7, ]EZdi Qxi‘hEPi‘adegam Information submitted by:
Empirical formula 1 3H38N70Usy Activity _Aerojet-General Corporation
Structure: {configuretion) Person M,B.Frankel and L.T.Carleton
Date  _] November 1953

NO

ho, oo, »
C— Hzocrmgcnzclzcﬂj]e
N0, NO,
O - 10, Y- Vo o, %2 %2 1%
G [CH_OH| + 2GH,CCH,CH_NCO — G {CH,OCNCH,CH,CCH.| ———=> C— |GH,OCNCH,CH,CCH
] [ 2 -JZ 3| 272 | [ 2 2 2| ;2 | 2 2 2| J
NO, No, 0, No, ¥o, No,
1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen
Calculated from formula _ 2},,6] 2.86 22.08
By determination _2h.78 2,9C 21.87

2. Burning properties:(corpared to nitrocellulose, under nitrogen at atmospheric pressures:)

(Taster? slower? residue? etc,)

3, Stability and Sensitivity: p1ot any graphs on Discuss methods used when they vary
seperate sheet from references. Give tempersture used.
(Use separate sheet if necessary,)
Name of test Recommended method
a. Impact Sensitivity NOL — OSHIZIb 2.5-kg weight
b. Thermal Stability OSRD 3401 p.8
¢. Vacuum Stability NOL OBRIXXANKEXX __ U8 hr at 1009C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOL  ORSOSHANXEK
f.
g.
h.
RESULTS OF ABOVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.)
:: Tetryl, 32 cm/2.5 kg , 137 em/2.5 kg
c. 1.1 cc/g
d.
e. 232°C
f.
g.
h,

4, Heat of formation: (AH) + -2%& Kg. calories at 26°C., 1 atm. pressure
cate slgn
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By Experiment By Calculation Method ,
m:giigtign“::.:ohroneo. Separate

5. Energy of explosion (Q) cal/gm sary.

at 2500, Hy0 liquid
6. Heat of combustion (H,) 2511 cal/gm 2527 Aerojet Report No. L17A

(at 259, Ky0 liquid)
7. Specific impulse (Igp) calc: Ib-sec/1b

8. Physical form of compound (viscous liouid, crystalline type, otc.) white, crystalline solid

8. Simple microscope analysis data:

{erystal studies)
10. Density{Macro method) _Lé@_&x:;/cma. (Micro or other method) __ gm/cm3.
(NOL) 18in on seperate sheet any unique methods you use.)
11. Index of refraction: (n%°°C*) 12. Color _ white 13. Odor _ nome .
L

14, pH at 25°C. {Method reference OSRD 3401 v,4, or OSRD 5368, Indicate method used, i,e,
solvent and concentrations used, pH indicator pever or Beckman i meter,) With Beckman meter,

0.01L M in acatone/water (5/1 volume ratio)

15. Hygroscopicity: Reference
New Compound Compound
Visible change on exposure { designatTon ) -
to ambient air,
% wt Increase by* (a) or (b)
{strike out method (a) or (b) I not used.) (T other than below methods are used,
*Method: explain on separate sheet,)

(a) The sample (approx, 5-10 g. of whole grain small powder or 1 grain of large powder) is placed in a
glass weiphing bottle, The weighing bottle (cover removed) is placed in a vacuum Arying oven for 5 hrs,
@ 559, Remove weighing bottle from oven, cover with glass stopner, cool in 2 desiccator end weigh
accurately, This is taken &s original dry weight of sample, Then place weighing bottle (cover removed)
in a humidor (s 10-in. desiccator is a satisfactory vessel) containing 1 liter of 18.6 *,5% HyS0,.

{This gives relstive humidity 90 £.254). Place in an oven mainteined at 30+29C, On the fourth éay
remove weighing bottle from the humidor, cover with glass stopner, cool in s desiceator and weigh,

Then return to humidor for 24 hours, cool and reweigh, Continue daily weighings until constant weight
indicates sample has reached equilibrium with 90% R,H, The £ welight increase is then reported as
hygroscopicity of the sample,

(b) An alternate method is in OSRD 3401 p,3,

18. Volatility:Report as rate of loss in wt % per unit area (for 1liquid samples measure the surface srea; for
solids, the sample should be screened between 100-120 mesh U.S, Standard certified sieve) per 4 hrs.,
after constant rate of loss 1z ocbtained durin% three consecutive 4-hr., periods at (a) 25°C ip a veasel

b

through which a stream of dry air is forced, (b) in an oven at 65,5 or (c) under other test method or
conditions.

(Description or reference to other test or conditions used. Use separate sheet if necessary,)

Volatility results on: New Compound Reference Compound
(designation)

a. a,

b. b.

c. c.
17. Boiling point, or decomposition temperature: °Cc

(underline which tempsrature is reported) . -

18. Heat of Vaporization: g-cal./gm BTU/lb.
19. Heat of Fusion: g-cal./gm BTU/Ib.

20. Melting point: 117-118  °C.

*Decreasing slowly.
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21. Freezing point vs. Time Curve: (Please mark the coordinates with scele values that apply to the compound
under study.) .

TEMPERATURE °C.

TIME

22, Solubility of new compound:

<0.1 g/100 ml Hy0 at 25°C. g/100 ml Hy0 at C.

73 g/100 ml acetone at_ 25 °c.
(name material used as solvent)

0.1 g/100 ml toluyene at _ 25 °C.

“(name material used as solvent)
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Under compatability we are considering the ability of two compounds to be in intimete contact (Note »
OSRD 5758 p. 21-22; over & long period of time without sdverse effects on either the chemical or physical
oroperties of either materisl, These tests will probably be of varied extent. They might be some of

the followings (a) Standsrd stability tests. (b) Simple ocbservationa of exudation or separation at

axbient or accelerated temperature. (c) Prepere thin sheets (.025" thick, 1" square) of the plasticized
material, Separate the sheets with strios of cigarette peper or carbon paper and compress the stack in

8 "C" clamp, After several days note the oily collection on tha veper, Please give reference to or

describe procedure used, Item 28 is to indicete results when the compound is in contact with some materi-

al other than ethyl cellulose, nitrocellulose or rubber,

25. Compatability with ethyl cellulose:

26. Compatability with nitrocellulose:

27. Compatability with rubber:

28. Compatability with

29. Polymerizing properties of the new compound:
(a) By itself
(b) In mixtures (¥ith additives)
(c) Inhibiting action on polymerization of:
Thiokol
Methacrylate
Other compounds
30. Availability
a. Amount now available? research quantities
b. When was available material first prepared?
c. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
{. Outline steps for a quantity production method

11, Additional information: (toxicity, hazatds, deterioretion, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reporta, deta books, etc. that refer to the

compound., )
3
Calculated lead-hlock wvalue = '1'192
Galculated ballistic-mortar valiue = 128}
g »
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Date Questionmeire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed to be of importance in the study of a compound
which may possibly be used as a constituent of solid propellants or other explosives. It is nob expected
that all tRil information will be available for every compound. For example, with a compound showi:g poor
stability, it is probably not advisables to investigate that compound farther. After placing such info
as is avallable for a compound which you have prepared or tested on ome of thase forms, send it to SOLID
PROPELLANT INFORMATION AGENCY, APIj JH{} , 8621 Georgia Avenme, Silver Spring, Maryland. As additional inforw
mation on the same or new compounds accrues, forward it on a similar form at & later date. The information
submitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. 7These forms
may also be used as work or data sheets for your experimsntal studies. ZExtra coples are available upon
request from SPIA. Suggestions for improvement of these forms are invited. If insufficient space has been
provided for any item, attach separate sheets.

COMPOUND: l:) l’ l, 5, 8, ll, lll.’ 18’ 18’ 18"De CanitrO—B, 16"'

Name digxa-l), 15-diketo-5,8,11,1! —iaﬁra%a~ Information submitted by:

Empirical formula octadecane 121607 1,Y90), ACtiV“YAe:co&ei.:Qeneml_Conpnmion

Structure: (configuration) Person M,B,Frankel and L,T.Carleton
Date 1 November 19‘:3

0, IGIO2

N
| 2
EHZNL'HQCH2NCOZCH2C(NO2)£| R

NO,,
NO oS I|102 )1102
2

r 12 3 | € | HNO
fuzncugc;izuccj ) + 2HOCH,C(NO, ) 3~—->[E!HzNCHZCHQNC%CHZC(NOZ)J Z—QEHZNCH CH,NCO, CH,C(NO,)) J \

1. Quantitative analysis:(% by weight)

Carbon Hydrogen Oxygen Nitrogen
. Calculated from formula _19.47 2.18 26,19
By determination 19,51 2.29 20,78

3. Burning properties:(compared to nitrocellulose, under nitrogen at atmospheric pressure:)

(Taster?7 slower? residue? etc.)

3. Stability and Sensitivity: plot any graphs on Discuss methods used when they vary
separate sheet from references. Give temperature used,
(Use separate sheet if necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL XOSBD3X 2.5~ke weight
b. Thermal Stability OSRD 3401 p.8
¢. Vacuum Stability NOL JXoSRIXSABKEND L8 hr at 1009C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOL OHRTCSINKEEC
f.
8.
h.
RESULTS OF ABOVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.)
a. Tetryl, 32 cm/2.5 kg , _20 cm/2.5 kg
b, .
(c’. 22.5 ¢cc/le
e. 213°C
1.
g.
h.
4. Heat of formation: (aH) + -190 Kg. calories at 25°C., 1 atm. pressure
cave algn
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By Experiment By Calculation Method
e F R e
5. Energy of explosion cal/em .
atgg.,50(‘. HgO liqui(d?) /g
6. Heat of combustion (H,) 2006 cal/gm 2086 Aerojet Report No. h17A
(at 2500, Hy0 liquid)
7. Specific impulse (Igp) calc: Ib-sec/1b
8. Physical form of compound (viscous 1iouid, crystalline tyve, etc.) white, crystallipe solid
9. Simple microscope analysis data:
(¢rystal studies)
10. Density{Macro method) 8 _gm/ecm3.  (Micro or other method) _________ gm/cm3,
(NOL) lain on separate sheet any unique methods you use.)
11, Index of refraction: (n%5°0') 12, Color white 13. Odor none .
14, pH at 25°C. (Method reference OSRD 3401 v,4, or OSRD 5968. Indicate method used, i.e,
solvent and concentratlons used, pH indicator pever or Beckman pH meter.) With B

0,0058 M in acetone/water (5/1 volume ratio).

15, Hygroscopicity: Reference
New Compound Compound
Visible chiange on exposure { desIgnation )
to ambient air.
% wt Increase by* (a) or (b)
(Strike out method (a) or (b) IT not used.) (IT other than below methods are used,
*Method: explain on separate sheet,)

(a) The sample (approx. 5-10 g, of whole grein small powder or 1 grein of large powder) is placed in a
glass weighing bottle, The weighing bottle (cover removed) is placed in a vaecuum Arying oven for 5 hrs.
@ 55°C. Remove weighing bottle from oven, cover with glass stopner, cool in a desiccator end weigh
accurately, This is taken as original dry weight of sample. Then place weighing bottle (cover removed)
in a humidor (a 10-in, desiccator is a satisfactory vessel) conteining 1 liter of 18.6 *t.5% HyS0,.

{This gives relative humidity 90 £.25%), Place in an oven maintained at 30X29C, On the fourth éay
remove welghing bottle from the humidor, cover with glass stopner, cool in & desiccator end welgh,

| Then return to humidor for 24 hours, cool and reweigh, Continue daily weighings until constant weight
indicates sample has reached equilibrium with 90% R.H. The £ weight increase is then reported as
hygroscopicity of the sample,

(b) An alternate method is in OSRD 3401 p.3.

16, Volatility:Report as rate of loss in wt % per unit area (for liquid samples measure the surface areaj for
solids, the sample should be screened between 100-120 mesh U.S, Standard certified sieve) per 4 hrs.,
after conatani rate of loss is cbtained during three consecutive 4-hr, periods st (a) 25% in a vessel

through which a stresm of dry air is forced, (b) in an oven at 65,59 or (¢) under other test method or
conditions,

(Deacription or reference to other test or conditions used. Use separate sheet if necessary.)

Volatility resuits on: New Compound Reference Compound
(designation)

a, a,

b. b.

c. c.
17. Boliling point, or decomposition temperature: °C.

(underline which tempersturs is reported)

18. Heat of Vaporization: g-cal./gm BTU/Ib.
19, Heat of Fusion: g-cal./gm BTU/Ib,
20. Melting point _127-128 °C.
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21. Freezing point vs. Time Curve: (Please mark the coordinates with scele values that apply to the compound
under study.)

TEMPERATURE °C.

TIME

22. Solubility of new compound:

g

£0.1 g/100 ml Ho0 at 25°C. g/100 ml Hy0 at

o

28 g/100 ml acetone at 25
(name material used as solvent)

0.1 g/100 ml toluene at 25
name material used as solvent)

g
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Under compatability we are considering the sbility of two compounds to be in intimate contact (Note .
OSRD 5758 p. 21-22; over a long period of time without adverse effects on either the chemical or physical

oroperties of either material, These teats will probably be of varied extent. They might be some of

the following: (a) Standard stability tests, (b) Simple observations of exudation or separation at
ambient or accelerated temperature. (c) Prepere thin sheets (.025" thick, 1" square) of the plesticized
material, Separate the sheets with strivs of cigarette paper or carbon paper and compress the stack in

a "C® clemp, After several days note the olly collection on the vaper, Please give reference to or
describe procedure used, Item 28 is to indicete results when the compound 1s in contact with some meteri-
al other than ethyl cellulose, nitrocellulose or rubber,

25. Compatability with ethyl cellulose:

26. Compatability with nitrocellulose:

27. Compatability with rubber:

28, Compatability with

29, Polymerizing properties of the new compound:

(a) By itself

(b) In mixtures (Yith additives)

{c) Inhibiting action on polymerization of:
Thiokol

Methacrylate

| Other compounds

30. Availability

! a. Amount now available? research gquantities

1 b. When was available material first prepared?

b ¢. Amount prepared at that time?

d. Is large production feasible ?

e. Plant capacity in existance, lbs/day?

f. Outline steps for a quantity production method

M. Additional information: (toxicity, hazaids, deteriorstion, oxygen balance, cetonation rate, explosive
power, ease of hydrolysis by water, ete, List references, reports, data books, etc. that refer to the

compound, )
\
Ualculated lead-block value = 11,2}

¢ Method of Aercjet. Report No. 512, n.8..
Lalculated ballistic-mortar value = 111
-7
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Date Questionnaire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed bslow are the characteristics which are believed to be of importance in the study of a compound
which may possibly be used as a constituent of solid propellants or other explosives. It is not expected
that all tgis information will be available for overz compound, For example, with a compound showing poor
stability, it is probably not advisable to investigate that compound farther. After placi:g such informationr
as is available for a compound which vou have prepared or tested on one of these forms, send 1% to SOLID
PROPELLANT INFORMATION AGENCY, A.P'Ijmi'l , 8621 Georgia Avemue, Silver Spring, Mar{la.nd. As additional infore
mation on the same or new compounds accrues, forward it on a similar Torm at a later date. The information
submitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These forms
may also be used as work or data sheets for your experimsnlal studies. ZIExtra copies are availabdle upon
request from SPIA, Suggestions for improvement of these forms are invited, If insufficient space has been
provided for any item, attach separate sheets.

COMPOUND:1,1,1,5-Tetranitro 3-oxa lL-keto

Name § .. - Information submitted by:

Empirical formﬁ CgHoNc07 9 Activity Aerojet~General Corporation
Structure: (configuration) Person Y, B . Frankel and L,T.Carleton
. Date ] November 1953

3
OH,,0H,NCO, OH,,G(NO, ) 5
H HNO N0,
CH,CH NGO + HOCH,C(NO, ) 5~ GHCH,NCO,CH,C(N0,) 5 ——390H3CH2NCOZCHEC(N02) 3

1. Quantitative analysis:($ by weight)

Carbon Hydrogen Oxygen Nitrogen
Calculated from formula _20.21 2.38 23 .é?
By determination 20.55 2.0l 23.

2. Burning properties:(conpared to nitrocellulose, under nitrogen at atmospheric pressure:)

(Taster? slower? residue? etc,)

3. Stability and Sensitivity: pilot any graphs on Discuss methods used when they vary
separate sheet from references. Give tempersture used.
(Use separate sheet if necessary.)
Name of test Recommended method
a. Impact Sensitivity NOL OSBEDUEEK 2.5-~kg weight
b. Thermal Stability OSRD 3401 p.8
c. Vacuum Stability NOL  GSRUCBEEKEND L8 hr at 100°C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOL Wﬁﬂg}ﬁx
f.
g.
h.

RESULTS OF ABQVE TESTS
Reference compound New Compound test results

(designation-TNT, Tetryl, N.C., etc,)

a. _Tetryl, 32 em/2.5 kg , 19 em/2.5 kg

b,

g. 28.h cc/g

c. 53500

1.

g.

h.

4. Heat of formation: (AH) + ~106 Kg. calories at 25°C,, 1 atm, pressure
(IndIcate slign)
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By Experiment

5. Energy of explosion
33'50(‘ ugo 1iqu1(<8)

6. Heat of corgbustion (H,f) 2031

(at 2500 H20 liqui

SPIA /M3

CONFIDENTIAL
By Calculation Method
Do oreraany o Separste
cal/gm ’
cal/gm 2032 Aerojet Report No. 4174
Ib-sec/lb

7. Specific impulse (Igp) cale:

8. Physical form of compound (viscous linuid, crystalline tyve, etc.) crystalline, white plates

9. Simple microscope analysis data:

{crystal studies)

11, Index of refraction. (nj 25°C- )

14. pH at 25°C. 3 (Method reference OSRD 3401 v,4, or OSRD 5968,

10. Densityﬂlacro method) 1.69 % /em3. (Micro or other method) gm/cm3.
lein on seperate sheet any unique methods you use.)

12. Color white 13, Odor none .

Indicate method used, i.e,

solvent and comcentratlons used, pH indicator vever or Beckman H meter,) With Beckman

meter, 0,03 M in acetone/water (5/1 volume ratio)

-

-4

LogE

250

300
A me

350

Ultraviolet Absorption Spectrum of 1,1,1,5-Tetranitro-3-oxa

* .
Decreasing
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21. Freezing point vs. Time Curve: (Please mark t);ho coordinates with scele values that apply to the compound
under study,

TEMPERATURE °C.

TIME

22, Solubility of new compound:
<0.1 g/100 ml Hg0 at 25°C. g/100 ml Hy0 at .

310 /100 ml acetone at _ 25 °c.
(name material used as solvent)

65 g/100 ml _toluene at_ 2o °C.
(name material used as solvent)
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Under comggtnbilit§ we are considering the ability of two compounds to be in intimate contact (Note

OSRD 5758 p. 21-22) over a long period of time without asdverse effects on either the chemical or physicsl
vroperties of either meterisl. These testa will probably be of varied extent, They might be gome of

the followings (&) Standard stebility tests., (b) Simple cbservations of exudation or seperation at

ambient or accelerested temperature. (c) Prepare thin sheets (.025" thick, 1" square) of the plasticized
material, Seperate the sheets with strive of cigarette paper or carbon paper and compress the stack in

a "C® clamp, After several days note the oily collection on the vaper., Please give reference to or
deacribe procedure used. Item 28 i1s to indicete results when the compound is in contact with some meteri-

a8l other than ethyl cellulose, nitrocellulose or rubber,

25. Compatability with ethyl cellulose:

26. Compatability with nitrocellulose:

27. Compatability with rubber:

28. Compatability with

29. Polymerizing properties of the new compound:
(a) By itself

(b) In mixtures ("ith additives)

{c) Inhibiting action on polymerization of:
Thiokol

Methacrylate

Other compounds

30. Availability
a. Amount now available ? research quantities

b. When was available material first prepared?

c. Amount prepared at that time?

d. Is large production feasible?

e. Plant capacity in existance, lbs/day?

f. Outline steps for a quantity production method

?1. Additional information: (toxicity, hazatds, deterioretion, oxygen balance, cetonation rate, explosive

power, ease of hydrolyais by water, etc, List references, reports, deta books, etc, that refer to the

compound, )
A
Galoulated lead-block value = 1Ub sl

nod of Aeroj ort No. 512, DY

Talcuiated ballistic-mortar value = 136 )
/

7
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Dete Questionneire on
COMPOUNDS FOR USE AS INGREDIENTS OF PROPELLANTS AND OTHER EXPLOSIVES

Listed below are the characteristics which are believed to be of importance in the study of a compound
which may possibly be used as a constituent of solid propellants or other explosives. It is not expected
that all tgil information will bde available for every compound. For example, with a compound ahowi:g poor
stability, it is probably not advisable $o investigate that compound farther. After plecing such informatior
as is avajlable for a compound whi¢h you have prepared or tested on one of these forms, s it to SOLID
PROPELLANT INFORMATION AGENCY, LPL7 , 8621 Georgia Avenue, Silver Spring, Maryland. As additional infore
mation on the same or new compounds accrues, forward it on a similar form at a later date. %he information
submitied on these forms will be rewritten and published by SPIA in loose-leaf manual form. These forns
may also be used as work or data sheets for your axgoruen al studies. Extra copies are available upon
request from SPIA., Suggestions for improvement of thess forms are invited. If insufficient space has been

provided for any item, attach separate shests.

COMPOUND: N, N!-Dinitro-N,N'-bis(3,3-Dinitrobutyl)

Name Oxamide Information submitted by:
Empirical formula C10H7), 8807, Activity Aerojet-Gepersl Corporation
Structure: (configuration) Person M,B,Frankel and L.T.Carleton
o, ,?02?] Date 1 November 1953
CH.,GCH,, CH, N—C
372"
i b, e
NO 0 N HO NO,  NO,0
) [ -2 HNO 2 2
20H 0K, CH, H,, + 6o EJ —>pH300H20H2r‘13 —> Hjcl:CHzcn Nt
* d2 7 2 ' 22
No, NO, No,,
1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen
Calculated from formula _ 25,5 3.00 23.83
By determination _25.8 3.26 2h.37

2. Burning properties:(compared to nitrocellulose, under nitrogen at atmospheric pressure:)

(Ffaster? slower? residue? etc,)

3. Stability and Sensitivity: Piot eny graphs on Discuss methods used when they vary
separate shest from references, Give tempersture used.
(Use separste sheet if necessary.)
Name of test Recommended method
a. Impact Sensitivity OSRD 3185
b. Thermal Stability OSRD 3401 p.8
c. Vacuum Stability OSRD 3401 p.10
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition OSRD 3401 p.6
f.
g‘
h.
RESULTS OF ABOQVE TESTS
Reference compound New Compound test results
(designation-TNT, Tetryl, N.C., etc.)
a' 7
b,
Co
d. :
e‘
f.
g‘
h.
4. Heat of formation: (AH) + _ -1LS Kg. calories at 25°C., 1 atm. pressure

(indicate sign)
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By Experiment By Calculation Method
m:gzlgeignnc.:;‘::i;;onco. Separate

5. Energy of explosion . .

at 250, ugo liqui(d?) cal/gm
6. Heat of combustion (H,) 2708 cal/gm 2773 Aeroijet Revort No. L174

(at 250, Hy0 liquid)
7. Specific impulse (Igp} calc: Ib-sec/Ib
8

. Physical form of compound (viscous 1iouid, crystalline tyoe, etc.) flat white crystals

9. Simple microscope analysis data:
(crystal studies)

10. Density{Macro method) m/cm3. {Micro or other method) gm/cm3.

lain on separate sheet any unique methods you use.)
11. Index of refraction: (n3°°C*) 12. Color _ white 13. Odor none .
14, pH at 25°C. * (Method reference OSRD 3401 v.4, or OSRD 5968, Indicate method used, i.e,

solvent and concentratlons used, pH indicator pever or Beckman pH meter.) With Beckman ph
r, 0.004 M in acetone/water (5/1 volume ratio)

Log &
i
|

A7C.
#1-$3

250 Joo 350

A m
Ultraviolet Absorption Spectrum of N,N'-Dinitro-bis N,N'w
(3, 3-Dinitrobutyl) Oxamide in Methanol

20. Melting point: 1),2-1);3  “C.

*Decreasing steadily.
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21. Freezing point vs. Time Curve: (Please merk the coordinates with scsle values that apply to the compound
under study.)

()
(-]
w
a
>
[l
<
[«
w
a
=
w
—
TIME
22, Solubility of new compound:
»
<0.1 g/100 ml Hy0 at 25°C. /100 ml Hqo0 at C.
2 S 2 —_—
" 16 g/100 ml acetone at __ 25 °C.
‘(name material used as solvent)
0.3 8/100 ml toluene at 25 °C.
(name material used as solvent)
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Under compatability we are considering the ability of two compounds to be in intimaste contact (Note

OSRD 5758 p. ?.1-22; over a long period of time without sdverse effects on either the chemical or physical
vroperties of either material, These tests will probably be of vesried extent. They might be some of

the followings () Standard stability tests. (b) Simole cbservations of exudation or separation at
axbient or accelerstad temperature, (c) Prepere thin sheets (.025" thick, 1" square) of the plasticized
material, Separate the sheets with strios of cigarette peper or carbon paper and compress the stack in

a *C® clemp, After several deys note the olly collection on the veper. Please give reference to or
describe procedure used. Item 28 4s to indicete results when the compound is in contsct with some materi-
al other then ethyl cellulose, nitrocellulose or rubber,

25. Compatability with ethyl cellulose:

26. Compatability with nitrocellulose:

27. Compatability with rubber:

28. Compatability with : *

29. Polymerizing properties of the new compound:
(a) By itself
| (b) In mixtures (With additives)
| (c) Inhibiting action on polymerization of:
Thiokol
Methacrylate
Other compounds
30. Availability
a. Amount now available? _research quantities
b. When was available material first prepared?
c¢. Amount prepared at that time?
d. Is large production feasible ?
e. Plant capacity in existance, lbs/day?
f. Outline steps for a quantity production method

A1, Additional information: (toxicity, hazatds, deteriorstion, oxygen balance, detonation rate, explosive
power, ease of Lydrolysis by water, etc. List references, reports, data books, etc, that refer to the

compound, )
Lalculated Tead-block value = 118\;
¢ _Method of Aeroijet Report No, H12, p.J
Galculated ballistic-mortar value = 129 |
/
~ 1
Page 6L
Appendix




