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I. SUAJiIIARY

A. This quarterly report is submitted under Contract N7onr-46208 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,l6,l6-Hexanitro-5,13-diaza--6,12-diketo-
7,11-dioxa-heptadecane (I) from 3,3-dinitrobutyl isocyanate and 2,2-dinitro-
l 3-propanediol•

b. 1,1,1-Trinitro-3-oxa-4-keto-5-aza-heptane (II) from
ethyl isocyanate and 2,2,2-trinitroethanol.

c. l,l,l,8,ll,18,18,18-Octanitro-3,16-dioxa-h4,15-diketo-
5,,ll,h14-tetraza-octadecane (III), from 3,6-dinitraza-1,8-octane diisocyanate
and 2,2,2-trinitroethanol.

2. Three postnitrated polynitrocarbamates were prepared:

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

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

.

Previous work on this contract was covered in Aerojet Reports No. 512,
S538, 562, 589, 621, 637, 660, 682, 711, and 737.

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 comoounds. 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.

Page 1
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c. 11, l, 5,8,l1, l , 18,18,18-Decanitro-3,16-dioxa-4,15-diketo-

5,8,11,14-tetraza-octadecane (VI) by the nitration of III.

3. Two aliphatic secondary polynitronitramines were prepared.

a. Condensation of 2,2,2-trinitroethanol and 3,6-
dinitraza-1,8-octane diamine gave lll,6,9,l4, 4,14,14-octanitro-3,6,9,12-
tetraza-tetradecane (VII). Nitration of VII yielded 1,1,1,3,6,9,12,14,14,14-
decanitro-3,6,9,12-tetraza-tetradecane (VIII).

b. Condensation of 2,2,2-trinitroethanol and 3-nitraza-
1,5-pentane diamine gave 1.1,1,6,11, 11, 1l-heptanitro-3,6,9-triaza-undecane
(IX). Nitration of IX yielded l,1,1,3,6,9,11,ll,11-nonanitro-3,6,9-triaza-
undecane (X).

4. N,N'-bis(3,3-Dinitrobutyl) oxamide (XXI) was prepared by
the condensation of 3,30--nitrobutyl amine and ethyl oxalate. Nitration of
XXI gave N, Nt -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 aluminum chloride.

a. bis(2,2,2-Trinitroethyl)-4,4-dinitroheptane-
dioate (XXIII).

b • bis(2,2,2-Trinitroethyl)-4-nitraza-heptanedioate
(XXIV).

Ol bis (2,2,2-Trinitroethyl)-4, 7-dinitraza-decane-
dioate (XXV).

d. 2,2,2-Trinitroethyl-3,5,5-trinitro-3-aza-

hexanoate (XXVI).

6. An alternate synthesis of 1-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 compounds 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 program has been compiled.

Page 2

CONFIDENTIAL



CONFIDENTIAL

Report No. 770

II. TECHNICAL PROGRESS: SYNTHESIS OF NW4. 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.

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

B. PREPARATION OF ALIPHATIC POLYNITROCARBAIATES

1. 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.dinitro-
1, 3-propanediol:

'NO2  NO2 NO2 F H NO 2
1 121 ý

2CH CCH2 CH2 NCO + C_- 1H2OH 1 / C0NCH CH2 1C3
C1 2 2- HH2 2ON2H2 3 O

NO2  NO2 I 2 NOL 2NO 2j

(2) 1,i, l-Trinitro-3-oxa-4-keto-5-aza-heptane (II)

from ethyl isocyanate and 2,2,2-trinitroethanol:

H

CH3 CH2 NCO + HOCH 2 C(NO2 ) 3 --- CH 3CH 2 20CH2C(N02)3
II

(3) I, I,I, 8,ii, 18,18,18-Octanitro-3,16-dioxa-4,15-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-dinitraza-l,8-octane diisocyanate:

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

Page 3
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NO2 NO2  H

CH NCH CH2NCO + 2HOCH2 C(NO2 ) 3  CH NCH CH NCO2 CHC(NO)
2 22 2 322 22 22 322 2

III

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-l,9-nonane diisocyanate to give
oils. Crystalline solids could not be obtai.ned 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 and isocyanate with a catalytic amount of ferric
acetylacetonate for 6 to 8 ho'urs in dry chloroform or ethy'hne dichloride
solution, and concentrate in vacuo. The results are summarized in Table I.

C. PREPARATION OF 2OSTNITRATED ALL-IATIC POLYNITROCARBAiATES

1. Discussion

The following postnitrated aliphatic polynitrocarbamates
were prepared by the nitration of the nitrocarbamates described in II,B
with a mixture of 1001 nitric acid and acetic anhydride at 5 to 10°C.

a. 2,2,5,9,9,13,16,16-Octanitro-5,13-diaza-6,12-diketo-
7, 11-dioxa-heptadecane (IV):

NO O H NO 0 NO NO
S 2F \\/ 1 2 •

C_ CH200NCFH2CH 00H 3, C_ OH OCNCH- OH OCH
1°2L 2Ac0' 1 2 2 21N-2
NO2 NO 2 J 2 NO 2  I NO2-

b. l,1,1,5-Tetranitro-3-oxa-4-keto-5-aza-heptane (V):

H NO
I 011 H2

CH3 CH2 NCO2 CH2 C(N02 ) 3 3, CH3CH2NCO 2CH2C(NO2 )3

II V

c. l, l,l, 5,8,ll, 14,18,18,18-De canitro-3, 16-dioxa-

4,15-diketo-5,8,11, 14-tetraza-octadecane (VI):

Page 4
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SNO H r NO2  NO-0
1 2 1 HN°O3H1 2 H N HZ

CH2 NCH2 CH2 NCO 2 CH2 C(NO2 )3 2 Ac20 2 j2NCH2CH2NO2CH2C(NO2)
SIII - VI

2. Experimental

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
100C. The solid nitrocarbamate was added portionwise at 5 to 100C. (Ten ml of
1OO% nitric acid and 10 ml of acetic anhydride was used per gram of nitrocarbamate.)
The solid dissolved readily, and the solution was stirred for 20 min at 5 to 100C
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
(comoound II), the oil was dissolved in the acetic anhydride and the solution was
added dropwise to the 100% nitric acid, keeping the temperature at 5 to 100C.

c. The experimental results are summarized in Table II.

D. PREPARATION OF ALIPHA4TIC SECONDARY POLYNITRONITRAMINES

1. Introduction

The preparation of aliphatic secondary polynitronitramines for
evaluation as high explosives has been continued.* This class of compounds, 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:

H
I NO

RNH 2 + HOCH 2R'---- RNCH2R' i RNCR2 R'

2. Preparation of l,l,l,3,6,9,12,14,1h,14-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 1,1,1,6,9,14,14,
14 -octanitro-3,6,9,12-tetraza-tetradecane (VII), a bright yellow solid, mp
100 to lo0SC 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.
Howeter, when VII was nitrated with a mixture of concentrated sulfuric acid and
100% nitric acid at 500 , 1,1, 3,6,9,12,1)4, 1)4,14-decanitro-3, 6,9,12-tetraza-
tetradecane (VIII) was formed. VIII is a white crystalline solid, mp 166 to
1670C, with a calculated lead-block value of 162 and a calculated ballistic-
mortar value of 156:

For previous work see Aerojet Reports No. 621, 660, and 682.

Page 6

CONFIDENTIAL



CON F ID EN T IA L

II Technical Discussion, D (cont.) Re~ort No. 770

0

S-: 4  
L-t0\ CO LI C N 00

c\j tL\ C'j 0 H .ft H.--t Vf\ C'JC
C\j 0 * -H q ;4- Z 0 *0 * 9 C\J H-

0 0 C.J I p O'0.C\JO 110 a\C\Jtr ..ý -- -
LOC- +') H- H Cli H- C\j H r-j

c.'J C\J AH~H Z ('
O H

0M

(Yj

0

0 -r_

0 0 0
0- I-- H 0 Ho-I 00rIA---T00

C'J * U\ -4z \OJ'U\ A \
C\j 0 tC\ Iý 1 *-O
00 ICS 0' g- r- 0 C'jrm 0 CMJ- m

ý- 4t\C'J (\M N~ C\j H H

,0
R0

El-

CMj

CMj

HH H

0~j 0

H 3 xi 00 -a
ZC) H Vd 0cH

0:7 r- C H H 'dI H0IOCI0t
o) CO I- f4 - 0 b. C C) 0 t-i HhC

H H4 C4 ¶1 -- z1 r-~

l~j CM ~ ~0

COFDETA 0Page7



CONFI DENTIAL

II Technical Discussion, D (cont.) Report No. 770

NO F No HL 2 o 2 o

VII

NO H O 2 HO NO1- HN o3 1 2 1 2

2 H2 SO4II
VII 24VIII

(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 solidsrecrystal-
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
sought 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 1670C dec to 167 to 1690C 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 )2.0 g (0.19 mole) of 3,6-dinitraza-
1,8S-octane 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 250C.
The bright-yellow solid which precipitated was collected and dried in vacuo
over potassium hydroxide. The yield of crude oroduct was quantitative, mp
100 to 1050C dec.

(2) A mixture of 500 ml concentrated sulfuric acid
and 550 ml of 100% nitric acid was cooled to 20 0 C and, with good stirring,
56.2 g (0.1 mole) of the above-mentioned yellow solid was added. The reaction
mixture was heated to 500C within 30 min, held at this temperature for 20 win,
cooled, and poured on ice. The white solid was collected, washed with water,
and dried in vacuo over potassium hydroxide. The yield of crude prbduct was
quantitative, mp 149 to 1550C. Three recrystallizations from concentrated
nitric acid gave white needles, melting at 166 to 1670C.

Page 8
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Anal. Calc'd for C10 1 6 N1 4020 : %C, 18. 41; %H, 2.47; %N, 30.06

Found: %C, 18.22; %H, 2.38; %N, 29.86

Heat of Combustion, AHp, Predicted: 2321 cal/g
p

Found: 2222 cal/g

Recrystallization of the above compound from acetone gave a white solid,
mp 167 to 1690C.

Anal. Found: %C, 20.76; %H, 2.79; %N, 28.37; 6H , 2583 cal/g.p|

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

a. Discussion

The condensation of one mole of 3-nitraza-l,5-pentane
diamine and two moles of 2,2,2-trinitroethanol yielded 1,1,1,6,11,11,11-
heptanitro-3,6,9-triaza-undecane (IX), a yellow. gummy solid. Nitration of
IX with a mixture of 100% nitric acid and concentrated sulfuric acid at 500C
gave 1,1,1,3,6,9,11,i, ll-nonanitro-3,6,9-triaza-undecane (X), a white
crystalline solid, mp 157 to 15800, with a calculated lead-block value of
175 and a calculated ballistic-mortar value of 157:

NO• N~or HN--F•H2CH2NH2 12• 2(NO2 ) 300H 2 0H +-2aO-- LN-H2 CH2 NCH 2O(NO2 ) 3j

N-[H2C N .H1 +2N23CH2 H--2aH -C H2NCH (O2 3

Ix

NO NOH. N~HNO N12 0
- H 2CH2 NCH2 C(N 2  HSO 22N2C(NO2) 2

Ix 24x

Compound 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) A 22.1-g (0.1 mole) quantity of 3-nitraza-l,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 sulfuiric acid
and 175 ml of 1OO% nitric acid was cooled to 20C and, with good stirring, 15.7 g
of the above-mentioned yellow, gummy solid was added. The reaction mixture
was heated to 500C, 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 158 0 C dec.

Anal. Calc'd for C8H12N12018: %C, 17.03; %H, 2.14; %N, 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 1590C.

Anal. Calc t d for C8 H1 2 N1 2 01 8 : %C, 17.03, %H, 2.14; %N, 29.79

Found: %C, 17.47; MH, 2.46; %N, 29.88

4. Attempted Preparation of l,l,l,3,6,6,8,10,lO,13,15,15,15-
Tridecanitro-3, 6, 13-triaza-pentadecane

a. Discussion

The condensation of one mole of 3,3,5,7,7-pentanitro-5-aza-
1,9-nonane diamine and two moles of 2,2,2-trinitroethanol gave a yellow solid, mp
105 to 1180C dec. Nitration of this condensation product with a mixture of 100%
nitric acid and concentrated sulfuric acid at 250C gave a white solid, mp 90 to
1100C dec. All attempts to purify this product were unsuccessful.

NO NO1,°2 1 , 2 -
N- CH2 CCH2OH2 NH2 "HCI11 2 + 2HOH 2 C(NO2 3 + 2NaOH

NO2
NO 2 FONO-H

N,°2 I- 02 7 -
N-- CH2H2  2CH 2HNCH2C (NO2)j 3

NO NO H N° NO '4°2 N
1 2 2 1HNO 3 102 -N0 I2

N- [OH 2OCH 2CH 2 NOH2$(NO. )3 N- .CH 2GH 2CH 2NGH 2O(NO 2)321 22 2 2 L NO2
NO2  H2SO NO

25'C

Page 10
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b. Experimental

(1) A 22.8-g (0.05 mole) quantity of 3,3,5,7,7-
pentanitro-5-aza-l,9-nonane diamine dihydrochloride, 18.1 g (0.1 mole) of
2,2,2-trinitroethanol, and 75 ml of water was placed in a 5OO-ml, three-
necked flask, fitted with a mechanical stirrer, thermometer, and dropping
funnel. A solution of 4.0 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 1180C dec.

(2) A mixture of 4O ml of 100% nitric acid and
40 ml of concentrated sulfuric acid was cooled to 250C and, with good
stirring, 4.0 g of the above-mentioned yellow solid was added. The reaction
mixture was stirred for 20 min at 25 0 C and poured on ice. The white solid
was collected, washed with water, and dried; the weight was 4.3 g, and
the mp was 90 to 11000 dec. All attempts to purify this product were
unsuccessful.

E. ATTEuJPTED ?REPARATION OF PRIkARY POLYNITRONITRAMINES

1. Introduction

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

RNH2 + Ac 20- RN. _N R3 RN' 2 NHORN O 2 NH4 HCI RN/ NO2
2Ac \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-l,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-1,5-pentane diamine, and
3,6-dinitraza-l,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 800C.

Page 11
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NO NO NO
12NaOH 1 2 AcO 2 12 /H

CH OCH OH NH HCl-)CH CHCHNH 'C-~ H OCH OH N"
31 22 2 3,,2C2N2- 3, 22 'Ac

NO2NO 2  NO 2

HNO NO2
OCH3CCH OH2N

NO2

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, and 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 100C. The solution was poured on ice, precipitating a white solid
which was collected and dried, 27.5 g (55%), mp 79 to 800C. Recrystal-
lization from methanol did not raise the melting point.

Anal. Calc'd for C6Ho1 0N407 : %C, 28.80; %H, 4.03; %N, 22.40

Found: %C, 29.37; %H, 4.28; %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 850C (4), ný6 1.4667.

Anal. Calctd for C4H8 N40 6 : %C, 23.08; %H, 3.88; %N, 26.92

Found: %C, 27.66; %H, 4.41; %N, 17.50
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3. Attempted Preparation of 3-Nitraza-L.5-pentane
Din Itramine

a. Discussion

3-Nitraza-1,5-pentane diamine dihydrochloride was
converted to the free diamine and acetylated to give N,N'-diacetyl-3-nitraza-
1,5-pentane diamine (XII), a whit& crystalline solid, mp 197 to 1990C.

1 NaOCH 3  1 H c20NO2  /H
No- [H2CH2NH2*HC 2 N- H2 CH2 - N- H2CH2N

XII
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 0 to 50C to a suspen-
sion of 22.1 g (0.1 mole) of 3-nitraza-l,5-pentane diamine dihydrochloride in
50 ml absolute methanol. The mixture was stirred for 30 rain at 0 to 50C, 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 14.9 g (64.3%), mp 197 to 1980C. Recrystallization
from methanol did not raise the melting point.

Anal. Calc'd for C8H16 N404: %C, 41.37; %H, 6.95; %N, 24.13

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 100C. W;•hen the acid solution was poured on ice, only
water-soluble products were obtained.

4. 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-l,8-octane diamine (XIII), a white crystalline solid, mp 178 to
18000.

Page 13
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NO NOH AcO No NO2
.f 2 -1 2 c 0

NCH CH NHH- i I- 2CHC 2 2 CH NCH OH N'[H 2  2 2 2 HC 2 NaOCH3  LNCH2CH2 NH]2 2 2 2 cAc] 2

XIII

Nitration of XIII also gave water-soluble products.

b. Experimental

(1) A 1.4069 N solution of sodium methoxide in
methanol (142.2 ml, 0.2 moleý was added-dropwise with stirring at 0 to 5°C
to a suspension of 30.9 g (0.1 mole) of 3,6-din-itraza-l,8-octane diamine
dihydrochloride in 75 ml of methanol. The mixture was stirred for 30 min
at 0 to 500, 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 methylene diohloride. To this solution was added
portionwise 30 ml of acetic aiihydride. 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 1800C. Recrystal-
lization from methanol did not raise the melting point.

Anal. Calc'd for C H 20N606: %C, 37.49; %H. 6.29; %N, 26.24

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 100% nitric acid at 5 to 100C.
When the acid solution was poured on ice, only water-soluble products were
obtained.

5. Conversion of N,N-bis(2,2-Dinitropropyl)aminomethyl
Isooyanate to biso2,2'Dinitrof0pyl) Nitrosoamine

a. Discussion

(1) In continuing the study of the preparation
of primary nitramines it was of interest to convert N,N-bis(2,2-dinitro-
propyl) glycine (XIV)* to N,N-bis(2, 2-dinitropropy-N' -nitromethylene
diamine (XIX):

Aerojet Report No. 622, p. 85.
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NONO NO

rCH- O C O H OCH NCH 0001 - ChOCi NCH CONICC2 331 2 2 31 2 3
L 'NO 2L NO2 2 LC N02

XIV XV XVI

NO -NO N
1 2rN 1 2 O NH' H2 1  CH2N

[CH 00H] NCH NCO CH CCH 2C ? HNO - C~H CCH C
312 23 ] 2 03 312

2 N 22 ý22

XVII XVIII XIX

XIV was converted 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 35% nitric acid an extremely vigorous reaction occurred after
a short time, and bis(2,2-dinitropropyl) nitrosoamine (XX) was obtained instead
of the expected N,FT-is(2,2-dinitropropyl) me.thylene diamine nitrate (XVIII).

NO NOF °2) 35% 1
OCOINCH NCO -H.-) NNOL o 2Jý 2 HNO 3 3H3C 22

XVII XX

These resalts 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 hN-bis(2,2-Dinitropropvl)-
glycyl Chloride

A mixture of 78 g (0.23 mole) of N,N-bis(2,2-
dinitro:ropyl) glycine and 190 ml of thionyl chloride was refluxed overnight.
The solution was evaporated to dryness in vacuo, leaving a brown solid. Two
recrystallizations from chloroform gave white crystals; the yield was 41 g
(50%), mp 64 to 6500.

Anal. Calc'd for C8 HI 2 N5 09 01: %C, 26.86; %H, 3.38; %N, 19.14

%C1, 9.91

Found: %C, 27.h8; %H, 3.68; %N, 19.27;

%Cl, 9.70

Aerojet Report No. 622, p. 84.
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(2) Preparation of N,N-bis(2,2-Dinitropropyl)
Nitrosoamine

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 funnel. 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 100C. The reaction mixture was extracted
with chloroform, and the extracts were combined, washed with water, and
dried over sodium sulfate at 100C. 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 1300C. A sample re-
crystallized from ethylene dichloride melted at 132 to 1330C, 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 NO2 H 0-
2CH CGH 2CH-2NH 2 +-CO 2H]C3-1-H CH2N-C-- + 2C2H50H312 2 2 2oCoF 3 2 25

NO H 2 NCOH 20HO
XXI

XXI is a white crystalline solid, mp 190 to 19100.

,Aerojet Report No. 711, p.8.
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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. At 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 round-bottom flask, 12.8 g (0.088 mole) of ethyl oxalate was added,
and the reaction mixture was refluxed for 2 hr. The solution was concentrated
in vacuo, leaving a cream-colored so lid. Recrystallization from ethylene
dichloride gave 13.0 g (39%) of white crystals, mp 190 to 19100. A second
recrystallization did not raise the melting point.

Anal. Calc'd for C0 H N 0 %C, 31.58; %H, 4.24; %N, 22.10lo 16 6 lo"

Found: %C, 31o75; %H. 4.h3; %N, 22.65

2. Pepation 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% nitriLc acid and corcentrated sulfuric acid at
550C gave N,NI-dinitro-N,Nl'h-b(3,3-dinitrobutyl) oxamide (XXII). XXII is
a white crystalline solid, exiiting in two polymorphic forms, mp lh2 to lh30 C
and 1h8 to 1490C, with a calculated lead-block value of 118 and a calculated
ballistic-mortar value of 129.

NO HO 0 NO N 0

'H 3CH 2CCH2 NC} HS){CH2CCHC2 H N--Cj

XXI 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 550C for
30 min, cooled, and poured on ice. The white solid was collected, washed with
water, and dried. The yield was 17.6 g (94.8%), mp 136 to 137°C. Recrystal-
lization from ethylene dichloride gave a compound melting at 142 to 1430C and
148 to 1490 C.
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Anal. Calc'd for C oHIN 8014: %C, 25.54; %H, 3.00; %N, 23.83

Found: %C, 25.84; %H, 3.26; %N, 24.37

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)-4, 4-dinitro-
heptanedioate (XXIII), mp 170 t-o-171C:

N NO
OH 20 1 ,2 C H C

O- LH CH2C + 2HOCH 2C(NO 2) 3 - -- 2CH COCH2C(NO2 )]4 2 2 2
NO2 NO 2

XXIII

(2) bis (2,2,2-Trinitroethyl) -4-nitraza-
heptanedioate (XXIV), mp 11O t3-Ell 0 C:

NO N

N- CH2 CH2COC1 2 + 2HOCH 2 C(NO2 ) 3 --- N-- 2CH2CO2 CH2 C(NO2 )]j 2

XXIV

(3) bis(2,2, 2-Trinitroethyl) -.4 7-dinitraza-
decanedioate (XXV), mp 126 to 128C:

12NO ]NrO2
CH2NC H OC12+ 2HOCH 2 C(N0 2 )3  [G C H2CO2C CO2]

XXV

NAVORD Report 2245.
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(4) 2, 2, 2-Trinitroethyl-3, 5, 5-trinitro-3-aza-

hexanoate (XXVI), mp 121 to 121.ý°C:

NO NO NO N
1 2 12  1 ,2 N,2

CH3 CCH2 NCH2 COCI + HOCH 2 c(N02 )3 -• CHsCCH2 NCH2 CO2 CH2C(NO2 ) 3

NO2  NO2

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 N-nitro-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 4,7-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 1280C. All the results are summarized in Table III.

H. PREPARATION OF l-NITRATO-3, 5, 5-TRINITRO-3-AZA-HEXA'

1. Discussion

The preparation of 3,5,5-trinitro-3-aza-l-hexanol (XXVII)
has been previously repbrted.•*

NO NO I NO2 NO2
OHs CCH OH + H2NCH2CO2CH CH3CCH2NCH CO OH C- H CCH NCH COGCH31 2 2 2 23 31 22 2 3 31 2 2 2 3

NO2NO 2  NO2

NO NO NO NO NO NO
12 2 2 12 1 2 12

- CH3 CCH2NCH 2 CO2 H -4 CH30CH2 NCH2000I-- CH300H 2 NCH2 CH2 OH

NO 2  NO 2  N
XXVII

NAVORD Report 2245.

Aerojet Reports No. 711 and 712.
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In continuation of the work on the preparation of aliphatic polynitronitrates,*

XXVII was treated with 100% nitric acid to give 1-nitrato-3,5,5-trinitro-3-aza-
hexane (XXVIII).

NO NO NO NO
O12 HN21 '2 2

CH CCH NCH2CH OH -4 HCH 2NCH H ON131 2 2 2 31 2 2 2 02
NO2  NO2

XXVII XXVIII

XXVIII is a white crystalline solid, mp 117 to 1180C, with a calculated
lead-block value of 142 and a calculated ballistic-mortar value of 146.
Compound XXVIII was prepared independently on the nitropolymer program*
in the following manner:

NO NO H NO NO
1 )2 12

CH CCHOH + H NCH C OH CH CCH NCHCHOH CH OCCH NCH OH ONO
3a 32 2 22 31 2 2 2 31)2 222

NO2 NO2  NO2

XXVIII

2. Experimental

Thirty ml of 100% nitric acid was cooled to 50C and 3.0 g
(0.012 mole) of 3,5,5-trinitro-3-aza-l-hexanolT was added. The solution
was stirred for 15 min at 50C 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 980C. Two recrystallizations from methanol raised the melting
point to 117 to 1180C.

Anal. Calc'd for 5 H 9N 50 9: %C, 21.21; %H, 3.20; %N, 24.74

Found: %C, 21.74; %H, 3.51; %N, 25.31

There was no depression in melting point when this sample was mixed with
the 116 to 1170C-mp compound obtained from the nitration of the condensa-
tion product of 2,2-dinitropropanol and ethanolamine.

Aerojet Report No. 737. p. 10.
Aerojet Report No: 772, in press.

t Aerojet Report No. 712, p. 43.
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I . PREPARATION OF 2,4, 4-TRINITRO-2-AZA-AWYL ISOCYANATE

I. 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
1 2 12 1 2 12 1 2 12

CH3 CCH2NCH2COC1 + NaN3  O CH3CCH 2NCH 2 CON3  CH 3 CCH2 NCH2 NCO

NO2  NO2 NO2

XXIX XXX

XXX has now been isolated, purified, and identified. The compound,
mp 102 to 10300, explodes violently on standing at room temperature.
It can be stored safely at -200C, but for synthetic purposes the isocyanate
is best used in solution without being isolated.

2. Experimental

A solution of 35.1 g (0.54 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
50C 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 100C. 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 650C 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 -1O0C,
causing a white solid to separate. The product was collected and dried.
The yield of 2,4,4-trinitro-2-aza-amyl isocyanate was 48.1 g (72%),
mp 97 to 1000C. Recrystallization from ethylene dichloride raised the
melting point to 102 to 1030C. The compound explodes violently on
standing at room temperature but can be safely stored at -200C. For
synthetic purposes it is best used in solution without being isolated.

Anal. Calc'd for C H N 0 - %C, 24.10; %H, 2.83; %N, 28.115 7 5 7*
Found: %C, 24.31; %H, 3.11; %N, 28.05

Aerojet Report No. 711, p. 11.

Page 22

CONFIDENTIAL



CONF1IDENTIAL

II Technical Progress (cont.) IReport No. 770

J.* PRE PARATION OF SAhlPLES FOR EVALUATION BY TH12 NAVAL ORDNANCE
LABORATORY

1. The following samoJles were prepared and submitted to the
Naval Ordnance laboratory for evaluation:

a. 2s,2,59,9,99,13,16, l6-Octanitro-5, 13-.diaza-.6, 12-diketo-
7, 11-dioxa-heptade cane

c. 1,1, l,5-Tetranitro-3-oxa-4-keto-5-aza-hexane

d. 1,1,1, 5-Tetranitro-3-oxa-4-keto-5-aza-heptane

e. 3.,5S-Trinitro-3-aza-hexyl Nitrate

tetradecane

g. 1,l.ol,3,,6,9,ll,ll,ll-Nonanitro-3,6,9-triazaurdecane

h. NN '-Dinitro-N,N '-bis (3, 3-dinitrobutyl) Oxamide

i.* bis (2,2, 2-Trinitroethyl)-4, 4-dinitroheptanedioate

j. bis(2, 2,2-Trinitroethyl)-14-nitrazaheptanedioate

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

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

2. The results of the preliminary tests by the Naval Ordnance
Laboratory on the compounds submitted are summ~arized 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 comipleted on the following compounds%

a* 3, 3-Dinitrobutyl Aminionium Nitrate

b. 3,3-Dinitro-l,5-pentane Dianinoniurn Dinitrate

c. 3-Nitraza-1,5-oentane Diammonium Dinitrate

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

e. 3, 3,!~,7,7-Fe ntanitro-5-aza-1, 9-nonane Diammonium
Dinjitrate

£f. 1, 7.-Dinitrato-4, h-dinitroheptane

Page 23
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g. l-Nitrato-3,5,5, -trinitro-3-aza-hexane

h. 2,2,6, c,9-Pentanitro-4-oxa-5-keto-6-aza-decane

i. 2,2,6,9,9, 9-Hexanitro-4-oxa-5-keto-6-aza-nonane

j. l, l, l, 4, 8,8,12, l,15, 15-Decanitro-4,12-diaza-

5, ll-diketo-6,lO-dioxa-pentadecanie

k. l,l, 1,5,81, l,15,15,15-Nonanitro-3, 13-dioxa-4,12-

dike to-5, 8, 11-triaza-pentade cane

1. 1,1,l, 5, 8,8,10,12,12,15,19,19,19-Tridecanitro-

3,17-dioxa-4, 16-diketo-5, 10, 15-triaza-nonadecane

Me 2,2,5,9,9,13,16,16-Octanitro-5,13-diaza-6,12-

diketo-7, 1l-dioxa-heptadecane

n. l, I,l, 5,8,ii, 14, 18,18, 18-Decanitro-3,16-dioia-.
4,15-diketo-5,8,ll, 14-tetraza-octadecane

o. 1, l,l,5-Tetranitro-3-oxa-4-keto-5-aza-heptane

p. N,N' .-Dinitro-N, N' -bis (3, 3-dinitrobutyl) Oxamide

K. HEATS OF FORtATION AND OXYGEN CONT3NTS OF EXPLOSIVE COM!OUNDS

1. It has been the practice on this program to assess the
explosive power of new comnounds 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 250C and 1 atm, follovýing
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 compounds for which SPIA
data sheets were prepared on this program is given in Table V. Comoounds
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 gramatoms/mole

RDX +20 0.0491
Nitroglycerine -85 0.0630
TNT -15 O.0437
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TABLE V__

ofSUYARY OF HEATS OF FTOYATION AND

(BYOEN CONTENTS OF EIPLCOIVE COOFOUNDS

Heat of Oxygen
Heoat of Oxygen Formation, Content. gram-
Forms tion, Content, fira- kclml atom /Ml

kcool/mooe atoms/Ml 
o/OO ooom
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2 
CO H
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III. 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 1-1/4 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 soecimens 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

1-1/4 to 1 Ratio product 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 hO 10-15

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

In another desensitization experiment, 10% 2,2-dinitro propanediol
was applied to RIDX 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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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 ma possibly be used as a constituent of solid propellants or other explosives. It is not expectedthat all this information will be available for every compound. For example, with a compound showing poorstability it is probably not advisable to investigate that compound farther. After placing such informationas is available for a compound whi h you have prepared or tested on one of these forms, send it to SOLIDPROPELLANT INFORMATION AGENCY, AWIJHU, 8621 Georgia Avenue, 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 Informationsubmitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These formsmay %lso be used as work or data sheets for your experimental studies. Extra copies are available uponrequest from SPIA. Suggestions for improvement of these forms are invited. If Insufficient space has been
provided for any item, attach separate sheets.

COMPOUND: 3,3-Dinitrobutyl 1-ammonium
Name nitrate Information submitted by.
Empirical formula I. H-, n N1, 07 Activity Aerojet-General Corporation
Structure: (configur•ion-) Person M.B. Frankpl qnd L.T-Cnan1eton

NO Date I Nnvpmhp 195,31 2°
CHOH CH- NH OHN0 NO NO231 2 22 3 1 2 1C H N I N 2 C

NO 2 CH 3 CCH 2CH 2NCO + HNO3 + H20---ýCH3CCH2CH2NH2'INO3 + CO2

Preparation reaction(s): NO2  NO2

1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen

Calculated from formula 21.2h 4.46 24.__
By determination 2139 4.63 __5______

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

(faster? olower? residue? etc.)
3. Stability and Sensitivity-. Plot any graphs on Discuss methods used when they vary

searate sheet from references. Give temperature used.
(Use soperate sheet if necessary.)

Name of test Recommended method
a. Impact Sensitivity NOL XNEWHL 2?.5-kg weight
b. Thermal Stability OSRD 3401 p. 8

c. Vacuum Stability NOL ggg jft= h4 hr at 100'C
d. Temperature of Explosion OSRD 3401 _.6

e. Temperature of Ignition NOL _ _ _ _ _ _ _f.
9.
h.

RESULTS OF ABOVE TESTS
Rc-forence compound ,New Comprund test results

(designatiop-TNT, Totryl, N.C., etc.)
a. Tetryl, 32 .cm/2'.5 kg 52 cm/2.5 kg

C. 0.2 cc/
d.
e. 28,o0t_

g.
h.

4. Heat of formatio un (AM _+ -121 K__ calories at N mC.. u att. pressure
'(indilte sN.-Kt c
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By Experiment By Calculation Method
Descrijjton or referenoe. Sepazt,•

5. Erer gy of explosion (9) cal/gm _hee_ if necessea .

•at 2or- H20 liquid)

6. Heat of combustion (H ) 2629 cal/gm 2725 Aerojet Report No. 417A
(at 250%. H2 0 liqui4)

7. Specific impulse (Ist calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) flat, white crystals

9. Simple microscope analysis data:
(crystal studies)

10. Density(Macro method) 1.62 ým/cm3 . (Micro or other method) gm/cm 3 .
(NOL) k•xnlain on seperate sheet any unique methods you use.)

11. Index of refraction: (n• 5 0 ") 25012. Color White 13. Odor None

14. pH at 250C. (Method reference OSRD 3401 o.4, or 0SRD 5968. Indicate method used, i.e.
solvent and concentrations used. pH indicator Dener or Beckman piK meter.) With Beckman meter,

0.017 M in acetone.water (5/I volumA ratio)

3-

2-
N

-- - - -- - - -

---- - - -- -

250 30U 350

Ultraviolet Absorption Spectrum' of 3.3-Dinitrobutyl
l-Amnonium Nitrate in Methanol

20. Melting point: 131-133 tC.

Page 2
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21. Freezing point vs. Time Curve: (Please mark the coordinates with scale values that apply to the compoumi
under study.)

0

o
LL3

0-

TIME

22. Solubility of new compound:

19 g/100 ml H 20 at 25°C. g/100 ml H2 0 at 0C.

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)
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Under compstsbilitz 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 adverse effects on either the chemical or physical
nroperties of either material. These tests 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 temperatire. (c) Prepare thin sheets (.025" thick, l" square) of the plasticized
material. Separate the sheets with strioa of cigarette paper or carbon paper and compress the stack in
a Or, clamp. After several days note the oily collection on the Doper. Please give reference to or
describe procedure used. Item 28 is to Indicate 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 (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

.41. Additional information: (toxicity, hatards, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound.)

-Ualculated lead-block value =112
.B i Method of Aerojet Report HQ. 512. P.V,Ualculatecl Ballistic-Mortar Value

Page 4
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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 conpound
which mV ossibly be used as a constituent of solid propellants or other explosives. It is not expected
that all t is information will be available for every compound. For example, with a compound showing poorstability it is probably not advisable to investigate that compound farther. After placing such information
as is available for a compound whi h you have prepared or tested on one of these forms, send it to SOLID
PROPELLANT INFORMATION AGENCY, APJWJHU, 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 oopies are available uponrequest from SPIA. Suggestions for improvement of these forms are invited. If Insufficient space has been
provided for any item, attach separate sheets.

COMPOUND: 3,3-Dinitro 1,5-pentane
Name di •n mn nin d•m r~i-. Information submitted by:.
Empirical formula UGH, 1N61u-i Activity Aero jet-General Corporation
Structure: (configuration) Person M.B.Frankel and L.T.Carleton

NO Date 1 November 1953

C_ H CH[NH 2'HHNH NONNO
NO2  C H2CH2NC + 2HNO + 2H 20 G- CHCH2NH2HNO + 2CO22 2 0 2 2 * ]2

Preparation reaction(s): NO2  NO 2

1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen

Calculated from formula 18.87 4.43 26.h
By determination 19.07 70 26._2

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

(faster? slower? residue? etc.)
S. 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 NO M 2.5-kg weight
b. Thermal Stability OSRD 3401 p. 8

c. Vacuum Stability NOT I XM[ OM j8 hr at 1000C
d. Temperature of Explosion OSRD 3401 p. 6

e. Temperature of Ignition NO_ ____0____
f.

g.
h.

RESULTS OF ABOVE TESTS
Reference compound New Compound test results

(designation-TYr, Tetryl, N.C., etc.)
a. Tetryl, 32 cm/2.5 kg 60 cm/2.5 kg
C. __2.0 cc/__
d.

e. 2 ooC

h.

4. Heat of formatiow. (aXB + -188 Kg. calories at 25"C., 1 atm. pressure
"(indiesto sig-n)
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By Experiment By Calculation Method
Description or reference. Sepamte

5. Ejergy of explosion (Q) cal/gm shoe* if neoesaasy.

at 25oC. H2 0 liquidl
6. Heat of combustion (H,) 2390 cal/gm 2493 Aerojet Report No. h17A

(at 250C. H2 0 liquid)
7. Specific impulse (lsis calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) white, crystalline solid

9. Simple microscope analysis data:
(crystal studies)

10. Density(Macro method) 1.64 gm/cm 3 . (Micro or other method) gm/cm3 .
(NOL) oC. •xýlain on separate sheet any unique methods you use.)

11. Index of refraction: (n25 0 0 ) 12. Color white 13. Odor none

14. pH at 25 0C. 3.6 (Method reference 0SRD 3401 r.4, or OSRD 5968. Indicate method used, i.e.
solvent and concentrations used. pH indicator Deaer or Beckman pH meter.) With Beckman meter,

0.02L M in acetone/water (5/i volume fraction)

4

3-

2 - ......-- -

2N

LTC

350A, .-

Ultraviolet Absorption Spectrum of 3, 3-Dinitro 1,5-pentane
Diarrnonium Dinitrate in Methanol

20. Melting point: 151-153 90.
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21. Freezing point vs. Time Curve: (Please mark the coordinates with scole values that apply to the compoum
under study.)

0W

TIME

22. Solubility of new compound:

260 g/100 ml H2 0 at 250C. g/100 ml H20 at 9C.

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

____ 0.1_________g/100 ml t"_ _ _ __n______at 2°C.
"(name material used as solvent)
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Under €omparability 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 adverse effects on either the chemical or physical
properties of either material. These tests will probably be of varied extent. They might be saome of
the following: (a) Standard stability tests. (b) Simple observations of exudation or separation at
ambient or accelerated temperature. (c) Prepare thin sheets (.02 5 " thick, 1" square) of the plasticized
material. Separate the sheets with strios of cigarette paper or carbon paper and compress the stack in
a N"O clamp. After several days note the oily collection on the poper. Please give reference to or
describe procedure used. Item 28 is to indicate 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 (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

31•. Additional information: (toxicity, hazatds, deterioration, oxygen balance, detonation rate, exploeive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound.)

Calculated Ballistic-;-Mortar; value = 116 . .. . .

Page 8
Appendix



Report No. 770

CONFIDENTIAL SPIA/M3

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 8tudy of a compound
which r possibly be used as a constituent of solid propellants or other explosives. It is noI expec•ed
that all this information will be available for every compound. For example, with a compound showing poor
stabilityl it is probably not advisable to investi'gate that compound farther. After placing such information
as is available for a comrpound whi h you have prepared or tested on one of these forms, send it to SOLID

PROPELLANT IJFOEI4ATION AGENCY, API/ JU 86Z1 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. There forms
may also be used as work or data sheets for your experimental studies. Extra oopies 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: 3-Nitraza 1,-pentane diammonium
Name ( ni ,r; +.P Information submitted by:
Empirical formula _ _)_H_)__N __0_ Activity Aerojet-Ganeral Corporatiojn
Structure: (confiration) Person M-Rýrankel and L T-.T-arleton

Date -1 N•em'her 953
NO2

N- H2CH2 NH2 .HNOI NO 2  r NO

P r e p a r a tio n re a c tio n (s): N -____H _2 _C H ______ +______ 3_ +_ 2 H_2_0_N -_[_H_2_C H_2_N H________3__ 2_+_____2

1. Quantitative analysis(% by weight)
Carbon Hydr oen Oxygen Nitrogen

Calculated from formula 1. _._1_ 30.65 17
By determination 17.66 5.3 i 30.78

2. Burning properties:(compared to nitrocellulose, 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 temperature used.

(Use separate sheet if necessary.)

Name of test Recommended method
a. Impact Sensitivity NOL NU=% 2.5-kg weight
b. Thermal Stability OSRD 3401 p. 8  _
c. Vacuum Stability NOL I _W hr at 100 C
d. Temperature of Explosion pR 3401__.6.
e. Temperature of Ignition NOL
f.
g.
h.

RESULTS OF ABOQVE TESTS
Reference compound New Compound test results

(designatio~n-T•r, Tetryl, N.C., etc.)
a. Tetryl, 32 cm/2.5 ke 61 cm!2.5 kff

C. ,qon- ,/
d.
e. 7777M7
f.

g.
h.

4. Heat of formation: (40.t -170 Kg. calories at 259C., 1 atm. pressure
--(indicate BigW
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Report No. 770
CONFIDENTIAL SPIA/M3

By Experiment By Calculation Method
Description or referenoo. Sepamate

5. Eriergy of explosion (Q) cal/gm sheet If neoessaz7.

at 25o. H2 0 liquid)

6. Heat of combustion (H.) 2496 cal/gm 2626 Aerojet Report No. 417A
(at 250C. H2 0 liquiT)

7. Specific impulse (Ist calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) white, crystalline solid

9. Simple microscope analysis data:
(crystal studies)

10. DensityfMacro method) 1.57 i m/cm3. (Micro or other method) gm/cm 3.
%alain on seperate sheet any unique methods you use.)

11. Index of refraction: (n 5°c) 2 . 12. Color white 13. Odor none

14. pH at 25°C. 3.4 (Method reference OSRD 3401 D.4, or OSRD 5968. Indicate method used, i.e.
solvent and concentratios used. pH indicator eoser or Beckman piH meter.) With Beckman meter,

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

3
I

N

Ultraviolet Absorption Spectrum of 3-Nltraza 1,5-pentane

diammonium dinitrate in Water

30. Melting point: 153-- - -- -.
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Report No. 770
CONFIDENTIAL SPIA/M3

21. Freezing point vs. Time Curve: (Please mark the coordinates with scale values that apply to the coupoun
under study.)

0.

I-.

TIME

22. Solubility of new compound:

120 g/100 ml H 2 0 at 25'C. g/100 ml H2 0 at cC.

<Q. _ g/100 ml acetone at 25 "C.
(name material used as solvent)

<0.I g/100 ml t_ _ _ _ __Pr_ _ at 25 0C.
(name material used as solvent)

IR0. SPECTROPHOTOMETOR WAVE NOO,4fRS IN CI*' WAVE NUMBERS IN C?*I
N.CINPRISM M00 4000 30p?0 2W0 V0V10 0 30 120 10 0 O 7r6200 4000 100 1200 625

NO. 100
_7,.t SAMpE ...-. . . . . . . . --

FROM U.- - --.-. -- --

SO V0000. O• 00040.

'.0. 001. GAS M~. - - - - -

BAIRD A IATOS IN 0
CAMIRIDG0. MASS. U.S.A 2 3 4 S 6 7 1 9 10 II 12 13 14 IS 16

o0. WAVE LENGTH IN MICRONS WAVE 1LENGTH IN MICRONS I
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Report No. 770
CONFIDENTIAL SPIA/M3

Under commotabilitZ 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 adverse effects on either the chemical or physical
nroperties of either material. These tests will probably be of varied extent. They might be same of
the following: (a) Standard stability tests. (b) Simole observations of exudation or separation at
ambient or accelerated temperat•eu. (c) Prepare 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
a "CO clamp. After several days note the oily collection on the Daper. 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 (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

.41. Additional information: (toxicity, hazafeds, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
eompound.)

CalculTtepd Thqd-b1ock v•e y = 112 N

Calultdethcd of Aprojl]. T-pprt. Nn. 'r ? p=
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Report No. 770

CONFIDENTIAL SPIA/M3

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 coopound
which MV ossibly be used as a constituent of solid propellants or other explosives. It is not expectedthat all t is information will be available for every compound. For example, with a compound showing poorstability it is probably not advisable to investigate that compound farther. After placing such iornation
as is available for a compound whi h you have prepared or tested on one of these forms, send it to SOLID
PROPELLANT INFOl4ATION AGENCY, AP=J&U, 8621 Georgia Avenue, Silver Spring, Haryland. As additional infor-mation on the same or new compounds accrues, forward it on a similar form at a later date. The informationsubmitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These formsmay also be used as work or data sheets for your experimental studies. Rxtra oopies are available uponrequest from SPIA. Suggestions for improvement of these forms are invited. If Insufficient spae has beenprovided for any item, attach separate sheets.

COMPOUND: 3,6-Dinitraza 1, 8-octane
Name dirnmmonium dinitrate Information submitted by.
E mpirical formula u6HI8NBU1p Activity Aerojet-General Corporation
Structure: (configuration) Person M. B.Frankel and L.T.Carleton

NO Date I NnvymP "r 1i953
12

ýH2 NCH CHNH2 .HNO 3] 2 No2 NO -

H2NCH2CH2NCOJ + 2HN03 + 2H20---> •H2NCH2CH2 NH2HNO3J +,2C02

Preparation reaction(s): IC 2  C 2 2 3  2 LC +2 02

1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen

Calculated from formula 19, 9 ..01 30.93
By determination 2 _ _.01 __ 30.78

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

ifester? 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 o 2 2.-kg weight
b. Thermal Stability OSRD 3401 p.8

c. Vacuum Stability NOL 0AXIMD1 -8 rat 1000C
d. Temperature of Explosion OSRD 3401 p. 6

e. Temperature of Ignition NOL )O= IX _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 58_ _m/2.5_k_
b.
c. 0.0__ _/_
d.

e. 31 7"T
g.
h.

4. Heat of formation (&t) + -159 Kg. calories at 250C., 1 atm. pressure
(indleate sign)
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Report No. 770
CONFIDENTIAL SPIA/M3

By Experiment By Calculation Method
Descrlption or refrezeno. Separate

5. Erergy of explosion (9) cal/gm shoes if neoeeosse.

lat 250r. H20 liquid)

6. Heat of combustion (H ) 2816 cal/gm 2880 Aerojet Report No. 4l7A
(at 2500. H2 0 liquid')

7. Specific impulse (Isp) calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) white, crystalline solid

9. Simple microscope analysis data:
(crystal studies)

10. Density(Macro method) 1.60 1m/cm 3 . (Micro or other method) )gm/cm 3.
(NOL) lain on separate sheet any unique methods you use.)

11. Index of refraction: (n25 0 " ) _ 12. Color white 13. Odor none

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

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

h ,t

2-

Ultraviolet Absorption Spectrum of 3,6-Dinitraza 1.8-Octane
Dianmoniom Dinitrate in Water

20. Melting point 185-190 T.
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Report No. 770
CONFIDENTIAL SPIA/M3

21. Freezing point vs. Time Curve: (Please mark the coordinates with scale values that apply to the compourA
under study.)

0
W

I-

W

I-

TIME

22. Solubility of new compound:

1b g/100 ml H2 0 at 25 0C. g/100 ml H20 at _C.

/-0.1 g/100 ml acetone at 2C.
(name material used as solvent)

_0.I _ g/lO0 ml toluene at 5 °C.
(name material used as solvent)

1.R. SPECTROPHOTOMETER WAVE W05O1 IN C0 WAVE NUMKERS IN C0*'
N _CI PRISM 041000400 1oo 1200 I100 900 ,625
NO c ! -.- ,

4 
J +L 4 i , ! JI L

1 
: 'r.L • :L , JI4J± I 'I. . . ..

DATE ISET ' I .

0...... ... _

FRnV T- -U .. . .... .. L

%.P•.ge 15

SA CELLj OVpe 

d

0..SOUY 20A l I.,, -- ii

CA!RSRMASUSA 2 1 4 & 9 10 ~ I Il- 12 13 14 Is 14WAVE LENGTH INI MICRONS WAVE LENGTH IN MICRONS
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Report No. 770
CONFIDENTIAL SPIA/M3

Under com tabilitw 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 adverse effects on either the chemical or physical
nroperties of either material. These tests will probably be of varied extent. They might be some of
the followings (a) Standard stability tests. (b) Simnle observations of exudation or separation at
ambient or accelerated temperatiu-e. (c) Prepare 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
a NC. clamp. After several days note the oily collection on the Paper. Please give reference to or
describe procedure used. Item 28 is to Indicate results when the comvound is in contact with scme 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 (with additives)
(c) Inhibiting action on polymerization of:

Thiokol
Methacrylate
Other compounds

30. Availability
a. Amount now available? research guantities
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

.11. Additional information: (toxicity, haza1ds, deterioration, oxygen balance, detonation rate, exploeive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound.)

t vIthod of Aergit. Repnort1 No. •1?. p.8.
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Report No. 770

CONFIDENTIAL SPIA/M3

rote 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 this information will be available for every compound. Aror example, with a comPpoun showing poor
stability it is probbly not avisable to investigabe that compound farther. After placing such information
as is ava able for a compound whi h you have prepared or tested on one of these forms, se• it to SOLID
PROPELLANT INFO04ATION AGENCY, ;W WJHU, 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 i4form&tion
submitted on these forms will be rewritten and published by SPIA in loose-loaf manual form. These forms
may also be used as work or data sheets for your experimental studies. Extra oopies are available upon
request from SPIA. Suggestions for improvement of thess forms are invited. If Insufficient spaee has been
provided for any item, attach separate sheets.

COMPOUND: 3,3,57,7-Pentanitro 5-aza
Name 1, 9-Nonane diammonium dinitrate Information submitted by.
Empirical formula ;RHI ANip1 A Activity Aerojet-General Corporation
Structure: (configuration) Person M.B.Fr nkP1 PnH T. T-Galetn

NO2  NO Date 1 NovAmher 1953

N- 1~GHHH.-o NO No NO NO
31 -TI2_

NO2  3 2 N- [CH 2CCH1CH2 NCOH + 2HNO3 + 2H20-- N- CH2CCH2CH2NH2"HNO] +2C0NO2 2l NO2

Preparation reaction(s): NO2 NO2

1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen

Calculated from formula 18.83 56 27.-45
By determination 3.88 -__2_7

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

(faster? slower? residue? etc.)

S. Stability and Sensitivity. Plot any graphs on Discuss methods used when they very

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

Name of test Recommended method
a. Impact Sensitivity NOL 0 2.5-kg weight
b. Thermal Stability OSRD 3401 p. 8

c. Vacuum Stability NOL MMMU)D5( 48 hr at 1000C
d. Temperature of Explosion OSRD 3401 p. 6

e. Temperature of Ignition NOL -W L_ _ _ _
f.

g.
h.

RESULTS OF ABOVE TESTS
Reference compound New Compound test results

(designation-Tyr, Tetryl, N.C., etc.)
a- Tptryj . 32 nrn/2. _5 g 37 cm!2.q kg

C. Ovr, 30 cc!q!h8 hr
d.
e. 197oC

g.
h.

4. Heat of formation: (AH) -209 , g. calories at 250C., I atm. pressure
--(indicate sign)
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Report No. 770"

CONFIDENTIAL SPIA/M3

By Experiment By Calculation Method
De*Ornt1on or reference. Sepe.ste

5. Eriergy of explosion (Q) cal/gm if neoeseazy.

fat 5o(. H20 liquid)

6. Heat of combustion (H ) 2270 cal/gm 2353 Aeroiet Resort No. 417A
(at 25oC. H20 liquiý6

7. Specific impulse (Isp) calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) white needle-shaped crystals

9. Simple microscope analysis data:
(crystal studies)

10. DensityiMacro method) 1.86 /cm 3 . (Micro or other method) gm/cm 3 .
(NOL) (2o lain on separate sheet any unique methods you use.)

11. Index of refraction: (n 2 5 0 0 ') 12. Color white 13. Odor none

14. pH at 250. 4.0* (Method reference OSRD 3401 n.4, or OSRD 5968. Indicate method used, i.e.
solvent and concentrations used. pH indicator nreer or Beckman pf meter.) With Beckman

meter, in saturated aqueous solution

5b

41

I ~ I

9 3

2\

250 300 350

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

2o. melting point 178-183 T3. (d)

*Decreasing slowly.
Page 18
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Report No. 770
CONFIDENTIAL SPIA/M3

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

0
0

D

I-<J

TIME

22. Solubility of new compound:

0.2 g/100 ml H 2 0 at 25 0C. g/100 ml H 2 0 at _C.

_ 0.1 g/100 ml acetone at 25 0C.
(name material used as solvent)

e__O._ 1 g/100 ml toluene at 25 v.
(name material used as solvent)

1.R.SECTRO- TOMETR WAVE NUMIERS IN CM'1 WAVE NUMBERS IN CM'I
. PR ISM 5 000 3000 250 2000 500 1400 8130 ... 110 0 , 0 00 625

OAT 100000

DA, , E.'I.INDEX,.-.-0o I I , ! [

7z Z

SNAP. CELL%,, N S.7

REECELL U CMS5. 40g,'
C14 MG. Mo. 7-~~'~ 11 It ~ ~ ~ +

4, 4, V

FDO. 0 C NS, 4.8. MU j J-~
BAIR 

ol

CAMISIOI ,MASS. .. SJ.A 2 3 4 0 N 7 8 9 I0 II 12 13 14 Is 16S WAVE LENGTH IN MICRONS WAVE LENGTH IN MICRONS 33.
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Report No. 770
CONFIDENTIAL SPIA/M3

Under om2etebilIty we are considering the ability of two compounds to be in intimate contact (Note
0SR 5758 p. 21-22) over a long period of time without adverse effects on either the chemical or physical
properties of either material. These teats will probably be of varied extent. They might be scme of
the following% (a) Standard stability tests. (b) Simple observations of exudation or separation at
ambient or accelerated temperature. (c) Prepare 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
a Ecr clamp. After several days note the oily collection on the paper. Please give reference to or
describe procedure used. Item 28 is to Indicate 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 (with additives)
(c) Inhibiting action on polymerization at:

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, hazafds, aeterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound. )

Calculated lead-block value= • ...
Me•thod 3f Aerolet Heo~ort No. S12. D.8,
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Report No. 770

CONFIDENTIAL SPIA/M3

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 ma;y possibly be used as a constituent of solid propellants or other explosives. It is not expected
that all this information will be available for every compound. For example, with a compouna showing poorstability it is probably not advisable to investigate that com pound farther. After placing such Infornation
as is available for a copound whi h ou have prepared or tested on one of these forms, send it to. SOLID
PROPELLANT INFO0MATION AGENCY, AWIJ'T, 8621 Georgia Avenue, Silver Spring, Maryland. As additional infor-mation on the same or new compounds accrues, forward it on a similar form at aelater date. The information
submitted on these forms will be rewritten and published by SPIA in loose-leaf manual form. These formsmay 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, 7-Dinitrato h, 4-dinitro
Name heptane Information submitted by,.
Empirical formula 0 7H1 2N1) 1010 Activity Aerojet-General Corporation
Structure: (configuration) Person M-R-FvnkpI •nd .T.n1T&ar_1_atn

Date 1 November 1953
NO

O2r ' NO NO
C-CT CH CH- ONO 122 H2CNON 2

1 2 2 2 2 C_ [CH OH OH OH] 6 - [CH CH CH ONOINO2 - 2H2 2
2 N 2 2 2J 2NO2 2 2Preparation reaction(s): 2 NO 2

1. Quantitative analysis(% by weight)
Carbon Hydroen Oxygen Nitrogen

Calculated from formula 26.93 3.1• ].7.95
By determination 7.7 jh _ _- _ _ 1__._0

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

(fester? slower? residue? etc.)
3. Stability and Sensitivity-. Plot any graphs on Discuss methods used when they vary

separate sheet frcm references. Give temperature used.
(Use separate 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 ABOVE TESTS
Reference compound New Compound test results

(designation-TNM, Tetryl, N.C., etc.)
a. __
b.
C.
d.
e.__

f.
h.

4. Heat of formation. (AMS _,-12 7 Kg. calories at 250C., I atm. pressure
( Indicter sign)'
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Report No. 770
CONFIDENTIAL SPIA/M3

By Experiment By Calculation Method
Desoription or reforenco. Separate

5. Eiergr of explosion (d) cal/gm shees if neoessaAy.

ast 25or. H20 liquid)

6. Heat of combustion (H ) 301- cal/gm 3103 Aerojet Report No. 417A
(at 250. H2 0 liquid

7. Specific impulse (Isp) calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) flaky white crystals

9. Simple microscope analysis data:
(crystal studies)

10. Density•Macro method) -m/cm3. (Micro or other method) _s_.)gm/cm
3 .

lain on separate sheet any unique methods you use.)

11. Index of refraction: (n25 00 .) 12. Color white 13. Odor none

14. pH at 25 0C. 8.6 (Method reference OSRD 3401 D.4, or OSRD 5968. Indicate method used, i.e.
solvent and concentrations used. pH indicator usoer or Beckaan pHi meter.) With Beckman meter.-

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

2

I N
I V7

Ultraviolet Absorption Spectrum of 1, 7-Dinitrato Ii,hl-Dinitro
HePtane in Methanol

20. M*lting pob* 28 o..

Page 22
Appendix



CONFIDNTIALReport No. 770

21. Freezing point vs. Time Curve: (Please mark th codinates with scale 1aue thtPppy o he (3ow

under study.)th opoa

0

a--

TIME

22. Solubility of new compound:

<0.1 g/100 ml H2 0 at 25*C. _____ /100 ml H2 0 at _______C.

nearly cýcQ g/100 ml ___________________at 25 OC
(~a-me material used as solvent)

nearly on~ g/100 ml tolueneat 20C
(Tname material used am solvent)

1. R. SPECTROP1IOO4ETR WAVE NUMBERS IN CM WY UMESINC-
N PCHOTOS 5W0 4=0 3000 200 20 1500 1400 1300 1200 1100 1000oo62

DAT IOSEX

Lpu'.

REF. CELL CMS.45

CH*EM. MG. MG.4. X

SOLY. 20 LL21

VO0 Qc. % cc %

.ZDs c AEsSI W. 0 -i~- - - .

3 4 5 a 9 10 11 12 13 14 Is 16

I WAVE UENr.TH IN W-CROt4S WAVE LENGTH IN MICRONS*, I
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Report No. 770
CONFIDENTIAL SPIA/M3

Under comptsbility 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 adverse effects on either the chemical or physical
nrooerties of either material. These tests 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 temoerature. (c) Prepare thin sheets (.025" thick, I" square) of the plasticized
material. Separate the sheets with strios of cigarette paper or carbon paper and compress the stack in
a "C" clamp. After several days note the oily collection on the Doper. 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 (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

?1. Additional information: (toxicity, hazefds, deterioration, oxygen balance, detonation rate, explosive
poer, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound. )

Calculated lead-block ValUe . =120
ý Mathnd nf Ap-ro.ipt. R~p;)nr No. 5=. p8.
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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 ma possibly be used as a constituent of solid propellants or other explosives. It is not expected
that all this information will be available for every compound. For example, with a compound sh ng poor
stability it is probably not advisable to investigate that compound farther. After placing such information
as is available for a compound whi h ou have prepared or tested on one of these forms, send it to SOLID
PROPELLANT INFORMATION AGENCY, WPIMJ9U, 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 ater datae. 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 wrk or data sheets for your experimental studies. Extra cootes are available upon
request from SPIA. Suggestions for improvement of these forms are invited. If Insufficient spa*e has been
provided for any item, attach separate sheets.

COMPOUND: 1-Nitrato-3, 5, 5-trinitro-3-aza-
Name hexane Information submitted by.
Empirical formula , •i9N•U9 Activity Aerojet-General Corporation
Structure: (configuration) Person M.i.F~rnkc.1 •nn LT.Carleton

NO N0 Date 1 November 1953

SCH2CH NCHCH 2 ONO2  NO NO NO2 NO02
-31HN NO NO 212HO
NO CHCCH 2 NCH 2 CH2 OH CH 3CCH 2 NCH 2 CH2 ONO2N2  OH C 2 OH CO1N 2 2

Preparation reaction(s): NO 2  NO 2

1. Quantitative analysis:(% by weight)
Carbon Hvdrogen Oxygen NitrogenCalculated from formula 21.21 3.2(Ye 24,27 -

By determination 92 a7. 3.5l--1SIZ- 3T. _1

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

(faster? slower? residue? etc.)
S. 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 0WB 2.5-kg weight
b. Thermal Stability OSRD 3401 p. 8

c. Vacuum Stability NOL W N4 1O00C
d. Temperature of Explosion OSRD 3401 p. 6

e. Temperature of Ignition O6RD 3401 p. 6

f.
g.
h.

RESULTS OF ABOVE TESTS
Reference compound New Compound test results

(designation-T•r, Tetryl, N.C., etc.)
a. Tetryl, 32 cm/2.5 kg 21 cm/2.5 kg
b.
c. 1.1_c__/__8 hr: 1.5 cc!/120 hr
d.
e.
f.

h.

4. Heat of formation: (AM) + -73 Kg. calories at 250C., 1 atm. pressure

(indicate sig-n)
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By Experiment By Calculation Method
Doesription or referenoe. Separate

5. Ejergy of explosion (4) cal/gm hees if nooeossey.

at25or. H20 liquid)

6. Heat of combustion (H ) 2487 cal/gm 2533 Aerojet Report No. 417A
(at 250•,. H2 0 liquid)

7. Specific impulse (Isp) caic: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) white, crystalline solid

9. Simple microscope analysis data:
(crystal studies)

10. Density•Iacro method) 1 73 m/cm3 . (Micro or other method) gm/cm3 .
(NOL) rxolain on separate sheet any unique methods you use.)

12. Index of refraction: (nD5 0 ") 12. Color white 13. Odor none

14. pH at 25 0C. (Method reference 0SRD 3401 n.4, or OSRD 5968. Indicate method used, i.e.

solvent and concentrations used. pH indicator caner or Beckman pE meter.) Iith Beckman meter,

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

I• , I i

I--

--- ---------.... t

rr

4 4

25o 3oo 3o

Ultraviolet Absorption Spectrum of l-Nitrato-3.5,5-trinitro
3-aza-Hexane in Methanol

20. Melting poInt: 116-117 9C.
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21. Freezing point vs. Time Curve: (Please mark the coordinates with scale values that apply to the compound
under study.)

W0

Cr
1--- --

D

a.

I-

TIME

22. Solubility of new compound:

<0.1 g/1O0 ml H20 at 250C. g/100 ml H2 0 at _C.

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

0.2 g/100 ml toluene at 25 OC.
(name material used as solvent)

1. R. SPECTROPHOTOMMER WAVE NUMSERS IN CkM' WAVE NUM4ERS IN CMkI
N.CI PRISM 0 .. 00 0 2000 15 0 4 00 1 1 2001 1 1 000 too00 700 621

DATS INDEX1

FRO~~M Th -00 4-,~ LEJ

SOUPCELLM, CLMUlS.l'.

SOLO.200

BAIRD ASSOCIATES. INC.h
CAM RIDGE,.MASSU.UA. 2 3 4 1 6 7 8 9 10 II 12 I3 14 IS IN

r WAVE LENGTH IN MICRONS WAVE LENGTH IN MICRONS
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Under compstability 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 adverse effects on either the chemical or physical
nroperties of either material. These tests will probably be of varied extent. They might be some of
the followings (a) Standard stability tests. (b) Simole observations of exudation or separation at
ambient or accelerated temperature. (c) Prepare 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
a "C clamp, After several days note the oily collection on the Daper. 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 (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

341. Additional information: (toxicity, hazards, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound.) -

Calculated led-block value -
l6 MethoCd of Aerojet he ort No. 512o 2.8

Calculated ballistic-mortar value = '
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Pets 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 my possibly be used as a constituent of solid propellants or other explosives. It isnot expected
that all t•is information will be available for every compound. For examp1e, with a compound showing poor
stability it is probably not advisable to investigate that com!pound farther. After placing such inforation
as is available for a compound whi h you have prepared or tested on one of these forms, send it to SOLID
PROPELLANT INFORMATION AGENCY, APIJHU, 8621 Georgia Avenue, Silver Spring, Maryland. As additional infor-
mation on the same or now 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 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: 2,2,6,9, 9-Pentanitro-h-oxa-5-keto
Name 6-aza-de cane Information submitted by.
Empirical formula -U8H12N6012 Activity Aerojet-General Corooration
Structure:(configuration) Person h1_'FRrnkP1 and T.-TC-r1'1-.on

Date 1 Novemhbr 1953
NO N NO2

CH3 CHCH H2 NCO CH2 CCH3

3 1 / 2 2 2I 21 3• z z
N2 N2

NO NO NO H NO NO NO NO12 .2 12 1 12 HNO 1 2 1 2 1 2
OH CH CH 4O+ OOHOC H CON OH NCO CHO -CH ON OOH CH NCOOCHOCH

31 , 2 ~OHO 2 O 3 ) 
3  

2 2 2 213 3j 22 221 3
NON ONO NoNO02  2 2 N2 N2 2

1. Quantitative analysis(% by weight)
Carbon Hydrogen Oxygen Nitrogen

Calculated from formula - 25__01 3.15 21.88
By determination _25.96 3.36 _-7_3

2. Burning properties:(compared to nitrocellulose, 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 temperature used.
(Use separate sheet if necessary.)

Name of test Recommended method
a. Impact Sensitivity N0LO • Oi8• 2 .5-kg vieight
b. Thermal Stability OSRD 3401 p. 8

c. Vacuum Stability NOL§Wf (jU OO0Oc
d. Temperature of Explosion OSRD 3401 p. 6

e. Temperature of Ignition NOLUM ( BX -
f.
g.
h.

RE5ULTS OF ABOQVE TESTS
Reference compound New Compound test results

(designation-TNT, Tetryl, N.C., etc. )
a.Tetryl, 32 cm/2.5 kg ------- 47 cm/2.5 kg;

b.
C. Claý3s II
d. 

_ Ue. 7293O
f.
g.
h.

4. Heat of formation: (AM -147 Kg. calories at 259C., I atm. pressure
('indicate' sigfn)
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By Experiment By Calculation Method
DeScription or referenc. Sepamte

5. E jergy of explosion (Q ) cal/gm shoes if __o___e__. _ _.

at 25o. H2 0 liquid)

6. Heat of combustion (Hc) 2643 cal/gm 2666 Aerojet Report No. ý 7A
(at 250C. H2 0 liquid)

7. Specific impulse (Isp calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) white crystalline solid

9. Simple microscope analysis data:
(crystal studies)

10. DensityiMacro method) 1.61. _m/cm3 . (Micro or other method) )gm/cm3.
(NOL) stxlain on separate sheet any unique methods you use.)

11. Index of refraction: (n5") 250C.r12. Color white 13. Odor none

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 Dauer or Beckman pH meter.) W-iith Beckman meter.

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

S -r

2 i_

\r.

251300 35o

Ultraviolet Absorption Spectrum of 2,2,.69,9-Pentanitro la-oxa
5-Keto 6-Aza-Decane in Methanol

20. Melting point: 70-72 9C.
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21. Freezing point vs. Time Curve: (Please mark the coordinates with scale values that apply to the coapouam
under study.)

0
o

I--

W
a.

I-

TIME

22. Solubility of new compound:

<0.! g/100 ml H 20 at 25°C. g/100 ml H2 0 at 0C.

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

h.3 g/100 ml soluern t at 25 0C.
(name material used an solvent)

1. RSECTROPHOTOMETER 0 WAVE NUMBERS IN CM'0 WAVE NUMBERS IN CI1 7[5
I.OR.1SETOH TMTR 500i IOO 10 100I 40 130 100

Sý7ATE INDEX

-FROM Tt. - V21

CAM .C.UL_ N _C, S 40IN

REF. CEIJ. 0 .55

CR150 MG, MG.

To~ll oc .1~ %1
BAIRO A OITS.I

CAI.M"10E MASS, ST.0 2 3 4 5 6-. o 11 1 31I.WAVE LENGTH IN MICRONS WAVE LENGTH IN MICRONS ,
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Under compotabilitz 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 adverse effects on either the chemical or physical
nroperties of either material. These tests will probably be of varied extent. They might be some of
the following: (a) Standard stability tests. (b) Simele observations of exudation or separation at
ambient or accelerated temperature. (c) Prepare 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
a OCr clamp. After several days note the oily collection on the uaper. Please give reference to or
describe nrocedure used. Item 28 is to indicate 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 (with additives)

(c) Inhibiting action on polymerization of:
Thiokol
Methacrylate
Other compounds

30. Availability
a. Amount now available? research quantitips
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, hazards, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound.)

Calculated lea d-blocck value= 7
li-thod of Aerojet Fe-oort No. 5'12# p.

Calculated ball is tic-imortar va.lue=l
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Date Questionnuire 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 m possibly be used as a constituent of solid propellants or other explosives. It isnot expected
that all tis information will be available for every compound. For example, with a compound s~owing poor
stability it is probably not advisable to investigale that cotpund farther. After placing such information
as is available for a comound whi h you have prepared or testel on one of these forms, send it to SOLID
PROPELLANT INFORMATION AGENCY. API. JHU, 8621 Georgia Avenue, Silver Spring, Maryland. As additional infor-
mation on the same or now 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 coptes 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: 2,2,6,9,9,9-Hexanitro 4-oxa 5-keto
Name 6-aza-nonane Information submitted by.
Empirical formula U 7 H9 N701)j Activity Aero jet-General Corporation
Structure: (configuration) Person M.B.Frankel and L.T.Carleton

Date I Nyvo~ 1953
NO NO

(NO2 )3 OCH2 CH2 NcO CH CCH
2 3 2 22 21 3

N02

NON NO NON02 2 HN02
(NO) CCOH NCO + HOCH2CON ---- (NOH) 3GH CH2NOO2H2CCH =-(NO) CCH2OH2NOOCOH OCHH

N02  N02 N02

1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen

Calculated from formula 20.25 2.19 23.62n

By determination 5m -1 2.22 2_0 1 5

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

(faster? sl6wer? 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 0(MMM 2.5-ka weight
b. Thermal Stability OSRD 3401 p. 8

c. Vacuum Stability NOL YdUN: K• 48 hr at 1000C
d. Temperature of Explosion OSRD 3401 p. 6

e. Temperature of Ignition NOL )OU IiK X
f.

h.

RES$ULTS OF ABOQVE TESTS
Reference compound New Compound test results

(designation-T•r, Tetryl, N.C., etc.)
a. Tetryrl, 32 cm/?.5, kgz -.16 cm/2.5 kg
b.
C. Class III
d.
e. 22500
f.
g.
h.

4. Heat of formation: (&W0 _+ 11g. calories at 2501C., 1 atm. pressure
(indicate s ign)}
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By Experiment By Calculation Method
Description or r.eference. Sop-mto

5. Eiergy of explosion (Q) cal/gm she*% if noe0ss6aY.

at 25or. H2 0 liquid)

6. Heat of combustion (H.) 2051 cal/gm 2033 - Aerojet Report No. 417A
(at 250C. H2 0 liquid4

7. Specific impulse (Isp) caic: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) white, needle-shaDed
crystal

9. Simple microscope analysis data:
(crystal studies)

10. DensityfMacro method) gm/cm3 . (Micro or other method) gm/cm3 .
bExmlain on separate sheet any unique methods you use.)

11. Index of refraction: (n250C.) _ 12. Color white 13. Odor none

14. pH at 25'C. L.5. (Method reference 0SRD 3401 o.4, or OfRD 5968. Indicate method used, i.e.
solvent anT concentra'ons used. pH indicator vDeer or Beckman pU meter.) With eckman PH

meter, 0.011 in acetone/water (5/1 volume ratio)

3. -

----------- 350

1 ---- ------ztnn in-etao

20. ~~ ~ ~ A Metn oit 6 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.)

(.rD

TIME

22. Solubility of new compound:

<0.i g/100 ml H20 at 25°C. g/100 ml H20 at 0C.

212 g/lO0 ml _n__ _tone at 25 *C.
(name material used as solvent)

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

1.R. SPECTROPHOTOMETER WAVE NUMBERS IN CMI WAVE NUMBERS IN CMI
N.Ci PRISM 00 4000 30n 25 0 DO I2R 5 00 1101 ..0 1200 I1O l 1000 00, 7 25r 6

NO. E 500010

10.2.53 - .. ...&w!S`3,E I INDEX

2,6,9. Mso U- 4
S2C,± W T OT CN

SOAW. 2ut .t.-..U 40-- 
-.-.-

PI.SEL C MAS.~ 40i tI K

lrAIRS AS lýAIRS 0, ______CAM4IISGEJ.MASS. U.SA0 4 E ' 7 1 9 20 11 12 13 14 is 16
5' IWAVR L.ENGTH4 IN MICRONS WAVE LENGRTH IN MICRONS
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Under €ompatsbillit 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 adverse effects on either the chemical or physical
properties of either material. These tests 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 temperatnre. (c) Prepare thin sheets (.025" thick, I" square) of the plasticized
material. Separate the sheets with strips of cigarette paper or carbon paper and compress the stack in
a "00 clamp. After several days note the oily collebtion on the paper. Please give reference to or
describe orocedure used. Item 28 is to indicete results when the compound is in contact with some materi-
al other than ethyl cellulope, 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

ql. Additional Information: (toxicity, hazaelds, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound.)

Calculated lead-block v ue.8.
Ca!t-111-at.a hallist, n mort, ;r value 1) Qh
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Pate 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 ma possibly be used as a constituent of solid propellants or other explosives. It is not expected
that all this information will be available for every compound. For example, with a compound showing poor
stability, it is probably not advisable to investigate that compound farther. After placing such inorsation

as is available for a compound whi h you have prepared or tested on one of these forms, send it to SOLID

PROPELLANT INFORMATION AGENCY, APAJEU, 8621 Georgia Avenue, Silver Spring, Maryland. As additional infor-
mation on the same or new compounds accrues, forward it on a similar lorm at avlater 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. .xtra coptes are available upon
request from SPIA. Suggestions for improvement of these forms are invited. If Insufficient space hass been
provided for any item, attach separate sheets.

COMPOUND: I,I,i,4,8,8,12,15,15,15-Decanitro 4,12-diaza
Name 5, 1l-diketo-6. 10-dioxa-pentadecane Information submitted by.
Empirical formula CalH12N_90 2 1, Activity Aerojet-General Corporation
Structure:(configuration) Person M.B.FrAnkpl -nd L.T.C0r1pton

Date 1 November-

[NO,) 3 CH2 OH2 NO 2CH]N --
2 NO2

NO H NO NO NO

2(NO2 )3CCH 2OH 2NC0 + 0- H2 01 --4 [NO2 ) 3CH 2CH22NCO2 CH1 -- C2 _ = N02 ) CCH 2CH2N0 2] 21

NO2  2 2NO 2  NO2

1. Quantitative analysis:(% by weight)

Carbon Hydrogen Oxygen Nitrogen
Calculated from formula 18.97 1.74 2AJ..W.
By determination -9.9 2.00 _)_ .2L

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

(faster? slower? residue? etc.)

S. Stability and Sensitivity. Plot any graphs on Discuss methods used when they vary
separate sheet fro references. Give temperature used.

(Use separate sheet if necessary.)

Name of test Recommended method
a. Impact Sensitivity NOL X3=X89 2.5-ka weight
b. Thermal Stability OSRD 3401 p.8
c. Vacuum Stability NOL d$iWM 4 hr at 10°0
d. Temperature of Explosion OSRD 3401 p. 6

e. Temperature of Ignition NOL ddVZ)-K-
f.
g.
h.

REULTS OF ABOVE TESTS
Reference compound, New Compound test results

(designatio~n-T•T, Tetryl, N.C., etc.)
a. Tetryl, 32 cm/2.5 kg ,20 cm!2.5 kq
b.
C. q.0 cc!L,
d.

e.
g.

h.

4. Heat of formation: (&W) -167 Kg. calories at 251C., 1 atm. pressure
•'Indieste sign)
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By Experiment By Calculation Method
Descripction or referenoo. Sepazfte

5. E1ergyof explosion (9) cal/gm shoe if neoessaT.

at o5 r. H20 liquid)

6. Heat of combustion (H ) 1834 cal/gm 1784 Aerojet Report No. 17A
(at 250C. H2 0 liqui-)

7. Specific impulse (Iso calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) white, crystalline solid

9. Simple microscope analysis data:
(crystal studies)

10. DensityiMacro method) .1..74 m/cm3. (Micro or other method) gm/cm 3 .
(NOL) (1xulein on seperate sheet any unique methods you use.)

11. Index of refraction (n25 0 0") 12. Color White 13. Odor none

14. pH at 25°C. 5.9* (Method reference OSRD 3401 D.4, or 0SRD 5968. Indicate method used, i.e.
solvent end concentrations used. pH indicator nener or Beckman PH meter.) With Beckman meter,
0.009 M in acetone/water (5/i volume ratio)

I\ \
3 --N I q

2

(LL 300 350

Ultraviolet Absor' tion Spectrumu of 1,1,1,I, 8,8. 12,15, l5,15-Decanitro

4.12-diaza 5,11-diketo 6,J.0-dioxa-pentadecane in Methanol

20. Melting point: 94-96 tC.
* Decreasing rapidly.
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21. Freezing point vs. Time Curve: (Please mark the coordinates with scale values that apply to the compound
under study.)

0
@

a-

0.-

TIME

22. Solubility of new compound.

<0,1 g/lO0 ml H20 at 25°C. g/100 ml H20 at _C.

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

____________g/lO0 ml ___________________ at _______°C.
(name material used as solvent)

1. R. SPECTROPHOTOMETER WAVE NUMBERS IN CM'I WAVE NUMBERS IN CMI
R .P HC 50I0 4000 3000 2000 2000 500 1400 I00 900 10 00 900 too 7 625

N00 PRIS I Sio .. ? r , 1 1r,00

+ ZU

Ci - i MGJ MG. i T . . ..

M OLV. 

2~T-4-! 
--.

00 CC * ! . -1 41.i. • ' / . ..1• "t , ! ,! ' o

FL~~~~ 501. C A1 i 1

MBAIRD ASSOCIATEiS 1I 0 0
C0MBRIDGF.MASS IS.. U.S 2 3 4 0 7 10 9 0AVE 12 1 3 INIMJR V 4 is IN
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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 adverse effects on either the chemical or physical
nroperties of either material. These testa will probably be of varied extent. They might be some of
the followings (a) Standard stability tests. (b) Simle observations of exudation or separation at
ambient or accelerated temperatiure. (c) Prepare thin sheets (.025" thick, I" square) of the plasticized
material. Separate the sheets with striua of cigarette paper or carbon paper and compress the stack in
a "'O" clamp. After several days note the oily collection on the oaper. Please give reference to or
describe procedure used. Item 28 is to indicate 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 (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

•41. Additional information (toxicity, hazarda, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound.)

G~nnunlt~nd ]•and--hon]k v;;111 = 16
Mzthcd f Aeroi5t Repnort No. q12. n.8

Calc enltepd hnllistic-mortar value = 132
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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 �y possibly be used as a constituent of solid propellants or other explosives. It is not expected
that all this information will be available for every compound. For exam le, with a compound showi• poor
stability it is probably not advisable to investigate that compound fartger. After placing such inornation
as is available for a compound whi h you have prepared or tested on one of these forms, send it to SOLID
PROPELLANT INFORMATION AGENCY, ;W%/ 311, 8621 Georgia Avenue, Silver Spring, Mamland. As additional infor-
mation on the same or new compounds accrues, forward it on a similar Torm at a ater 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 avp6lable 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 h. 12-diketo 5. 8.11-triaza-pentadecane Information submitted br.
Empirical formula GICH 1 9 NI ?029 Activity AercVit-Genera1 CorporatA on
Structure:(confrguration) Person M.B.Frankpl and L.T.Cqr1Pton

Date 1 November 1953
NO NO

-- [0H2CH2 NCO,2CH 2C(N0 2 2

NO No H NO NO
1212 1H 12 2

N-[ CH2 H2 NCO]2 + 2HOCH 2 C(NO2 )3 -- N--1CH2 CH2 NCO2 CH2 C(NO2 )3] 2--- N- 0H 2 CH2 NCO 2 C(NO2 3]

1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen

Calculated from formula 18.41 1.86 25 .77
By determination 13 __8 2.23 _25M

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

(fsster? 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 01MI)M 2.5-ka weight
b. Thermal Stability OSRD 3401 p. 8

c. Vacuum Stability NOL 4h82 I hr at 1000C
d. Temperature of Explosion OSRD 3401 p.6

e. Temperature of Ignition NOL - _ _ _ _ _
f.

h.

RESULTS OF ABOVE TESTS
Reference compound New Compound test results

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

a. Tetryl, 32 cm/2.5 kg 17 cm!2.5 kg
C. 1.1 cc!__

d.

e. 220=Q_
f.
g.
h.

4. Heat of formation: (AW) ± -159 Kg. calories at 259C., 1 atm. pressure

(indicate siRn)
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By Experiment By Calculation Method
Description or reference. Sopm~lstO

5. E ergy of explosion (cj) cal/gm shoees f neoossSry.
lat 25or. H20 liquid)

6. Heat of combustion (H ) 1826 cal/gm 1792 Aerojet Report No. h17A
(at 250C. H2 0 liquid)

7. Specific impulse (Isi calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) white, crystalline solid

9. Simple microscope analysis data:
(crystal studies)10. Density•a cro method) 1.77 •m/cm3 . (Micro or other method) use_)gm/cm3.

kExvlein on separate sheet any unique methods you use.)
11. Index of refraction: (n2 5 0C.) 12. Color white 13. Odor slight

14. pH at 25`C. (Method reference OSRD 3401 D.4, or OSRD 5968. Indicate method used, i.e.
solvent and concentrations used. pH indicator Dauer or Beckman pH meter.) With Beckman meter,

0,008 M in aceton.!wbiter (5/.1 volump ratino)

4

3\

250 4L300 -350

Ultraviolet Absorption Sroectrtum of 1, 1, 1,5,8, 11. 15.15, iS-Nonanitro
3,3.3-dioxa h.,12-diketo 5.8. Jl*-triaza-pentadecane in Methanol

20. Melting point 120-122 1C.
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21. Freezing point vs. Time Curve: (Please mark the coordinates with scale values that apply to the compound
under study.)

L.J;

CL

TIME

22. Solubility of new compound:

<0.1 g/100 ml H20 at 25`C. g/100 ml H2 0 at CC.
100 g/100 ml qcetone at 2q 0C.

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

(name materisl used as solvent)

I. R. SPECTROPHOTOMETER WA NUMSERS N CM WAVE NUMBERS IN CI

N.CI PRISM 405.
0 0

. 2• T " o goo ,6too

SAIPRD - - - I A

.15. M S .US.,) 4 VE 6 7 I ' I I 12 2•(4

SA ? ., CRT1.OW EEMNSSD

ESA. C11, GA AA' .. S 4
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Under competabilitz 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 adverse effects on either the chemical or physical
properties of either material. These testa 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 temperstnre. (c) Prepare thin sheets (.025" thick, I" square) of the plasticized
material. Separate the sheets with stripa of cigarette paper or carbon paper and compress the stack in
a "Cq clamp. After several days note the oily collection on the paper. 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 (with additives)

(c) Inhibiting action on polymerization of:
Thiokol
Methacrylate
Other compounds

30. Availability
a. Amount now available? regearch 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

3#1. Additional information: (toxicity, hazatds, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound.)

Cr-imflat~ed lend-bhlock value ° -162•
SMp.hod of Aprolep Rt-_pnrt. Na_. 3j?, P-8"

Calculated ballistic-mortar value = h0
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Dete 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 cther explosives. It is not expected
that all this information will be available for every 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 available for a compound whi Isyou have prepared or tested on one of these forms, send it to SOLID
PROPELLANM INFORMATION AGENCY, AP, JHU, 8621 Georgia Avenue, Silver Spring, Maryland. As eaditional 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 studios. .xtra 0ootes are available upon
request from SPIA. Suggestions for improvement of these forms are invited. If Insufficient spsae has boeen
provided for any item, attach separate sheets.1, 1, 1, 5, 8, 8, 10, 12, 12, 15, 19, 19, 19-

COMPOUND: Tridecanitro 3,1 7 -dioxa-4, 16-diketo
Name 5, 10, 15-triaza-nonade cane Information submitted by:.
Empirical formula ui)4H 16N:L6030 Activity Aerojet-General Corporation
Structure: (configuration) Person MB.FrqnkP1 qrn T._TC1Qr• n

No2 FN0 2 CHNO^H N N|1 Date I Novemher 1953

22 12 1 2N0
2

No N NO NO H NO NO NO2r 2  2r 2  I~HNO 3  2 I 1
N- [OH2 COH2OH2NC~ 2HOOH CCNO )-N- H CCH CH NGOCH2 C(NO)J =4 N- [H C0H CH NCO2O H C(N02O

NO2  N02 2 NO2

1. Quantitative analysis(% by weight)
Carbon Hydrogen Oxygen Nitrogen

Calculated from formula 18,93 1.82 25.23

By determination 19-12i•Ii2 1

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

(faster? slo--r? residue? etc.)
3. Stability and Sensitivity:. Plot any graphs on Discuss methods used when they vary

separate sheet fro references. Give temperature used.
(Use separate sheet if necessary.)

SName of test Recommended method

a. Impact Sensitivity NOL 0JOAN% 2.5--kg weight
b. Thermal Stability OSRD 3401 p. 8

c. Vacuum Stability NOL 06BELXM W ,h8 hr at 1000 C
d. Temperature of Explosion OSRD 3401 p.6
e. Temperature of Ignition NOL d"_A_ _ _ _ _
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 12 cm/2.5 kg
C. 1.__ _cc/

e. 217oC
f.
g.
h.

4. Heat of formatioem (AM] + -130 Ng. calories at 251C., I atm. pressure
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By Experiment By Calculation Method
N~egrjjtion o r referenco. sepamto

5. E ergy of explosion (9) cal/gm e 1 naOAeSAry.

lat '50r. H20 liquid)

6. Heat of combustion (H.) 1951 cal/gm 1859 Aerojet Report No. 417A
(at 25rC,. H2 0 liquid

7. Specific impulse (Isp calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.)

9. Simple microscope analysis data:
(crystal studies)

10. DensityJMscro method) _1._76 jim/cm3 . (Micro or other method) gm/cm 3 .
(NOL) Mxnlain on separate sheet any unique methods you use.)

11. Index of refraction: (n2 5 0 ") 250C12. Color 13. Odor

14. pH at 259C. 2.9 (Method reference OSRD 3401 D.4, or OSRD 5968. Indicate method used, i.e.
solvent and concentrations used. pH indicator oaner or Beckman pH meter.) In BeckMan DH meter.

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

"3
2

250 300 350

Ultraviolet Absorption Spectrum of 1,1,1,5,8,8.1O,12,12,15,19,19,19-
Tridecanitro 3, 1

7
-dioxa 4,.16-diketo 5,10. 15-triaza-nonadecane in Methanol

20. Melting point: 150-151 9C.
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21. Freezing point vs. Time Curve: (Please mark the coordinates with scale values that apply to the compound
under study.)

0

0~

I-I

TIME

22. Solubility of new compound:

<0. 1 g/100 ml H2 0 at 25°C. g/100 ml H2 0 at _C.

140 g/100 ml _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ at 25°C

(name material used as solvent)

<0.1 g/100 ml toluene at 25 0C.
(name material used as solvent)

I. R. SPECTROPHOTOMETER 
WAVE NUMBERS IN CM" 

WAVE NUMBERS IN CM' 
625

N.aC PRISM 2I00 15 0p 1400 0ID 12' 0S62

5,. 15,.A INDEX i '? 4,. 0

1Y-TflS.,M 1,57Aj" oS.l ! l ii • 4 : ;• 
. .•-

Si0.9 EF.SO,1E 
, tnT.,t,.,,.,.

FROM ft- , i~

BAIRD 
ASOIES 

..

0•.,I W A V E L E N ~G T I N M IC R O P OS 
W A V E IE N G T H IN M IC R O N S ,. . I'
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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 adverse effects on either the chemical or physical
nrouerties of either material. These tests 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 temoersture. (c) Prepare 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
a "C" clamp. After several days note the oily collection on the oaper. Please give reference to or
describe orocedure used. Item 28 is to Indicate 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 (with additives)
(c) Inhibiting action on polymerization of:

Thiokol
Methacrylate
Other compounds

30. Availability
a. Amount now available? r r'q~q-h n•ilnf. +.1 •
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

'41. Additional information: (toxicity, hazards, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound.)

-]id Method of Aerolet Report No. vI2, p.=-

Galculatad-ballistic-mortar value = 14 M
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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 m possibly be used as a constituent of solid propellants or other explosives. It is not expected
that all this information will be available for every 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 available for a compound whi h you have prepared or tested on one of these forms, send it to SOLID
PROPELLANT IJFOIMATION AGENCY, X1 OJU, 8621 Georgia Avenue, Silver Spring, Maland. As additional infor-
mation on the same or new compounds accrues, forwrad it on a similar lorm at astaer 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 sheeots 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: 2,2,5,9,9,13, 16,16-Octanitro-5,13-diaza-
Name 6.12-dikpto-7. li-dioxa-heptade cane Information submitted by:.
Empirical formula L;3H! NI1!g Activity Aerojet-General Corporation
Structure: (configuration) Person M.B.Franke, and L.T.Cn1lpton

Date 1 November 1953
02 0N0^2 1N2

C-EH2 CNOCHOCH CCHJ

N02 N02

•02 NO2  NO OH NO NO2  ONO NO,F~ ~ 2I 1 2 11 127 N
G- I-H2°1 + 2CH 3 1CH2CH2 NCO -• C- [OH2 OCNCH 2CH2 OCH, 11 [lH2 OC"NCH2GH2 C•CH3

I" 1J NNN 2 NO 2 N O2NO2  N02 no2 N02 No2 N02

1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen

Calculated from formula 2L.61 ..... 2,86 22.08
By determination -2)1.78 2._9C 2187

2. Burning properties:(compared to nitrocellulose, 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 temperature used.
(Use separate sheet if necessary.)

Name of test Recommended method
a. Impact Sensitivity NOL 6 2.5-ka weight
b. Thermal Stability OSRD 3401 p. 8

c. Vacuum Stability NOL _T 98hr at 1000C
d. Temperature of Explosion OSRD 3401 p. 6

e. Temperature of Ignition NOL (0MXl__ __
f.

h.

RESULTS OF ABOVE TESTS
Reference compound New Compound test results

(desi~fnation-TNT, Tetryl, N.C., etc.)
a. Tetryvl, 32 cm!2.5 kg , 137 =4!.5 kg

C. 1.1 ce/a
d.
e. 232oC

9.
h.

4. Heat of formation: (An) _+. -2hh Kg. calories at 251C., I atm. pressure
kindieste io
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By Experiment By Calculation Method
DsoBription or reforenoO. Separate

5. Eiergy of explosion (Q) cal/gm ahe** if neaemaair.

•at 25o. H2 0 liquid)
6. Heat of combustion (H ) 2511 cal/gm 2527 Aerojet Report No. 417A

(at 25oCX. H20 liquid
7. Specific impulse (Ist• calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) white, crystalline solid

9. Simple microscope analysis data:
(crystal studies)

10. DensityiMacro method) 1m/cm3. (Micro or other method) gm/cm3.
(NOL) kExlsin on separate sheet any unique methods you use.)

II. Index of refraction (n25° 0") 12. Color white 13. Odor none

14. pH at 259C. 1.9* (Method reference OSRD 3401 x).4, or OSRD 5968. Indicate method used, i.e.
solvent and concentrations used. pH indicator eneer or Beckman pi meter.) With Beckman meter,

o.014 M in acetone/water (5/1 volum ratio)

15. Hygroscopicity, Reference
New Compound Compound

Visible change on exposure ( designation )
to ambient air.

% wt Increase by* (a) or (b)
(Strike out method (a) or kb) if noR used.) (If 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 weighing bottle. The weighing bottle (cover removed) is placed in a vacuum drying oven for 5 hrs.
* 55,. Remove weighing bottle from oven, cover with glass stopner, cool in ; desiccator and 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)"containing 1 liter of 18.6 1.5% H2SO.

(This gives relative humidity 90t.25%). Place in an oven maintained at 30+t 2oC. On the fourth day
remove weighing bottle from the humidor, cover with glass stopner, cool in a desiccator 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 % 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 lose in wt % per unit area (for liquid samples measure the surface area; for
solids, the sample should be screened between 100-120 mesh U.S. Standard certified sieve) per 4 hr..,
after constant rate of loss is obtained during three consecutive 4-hr. periods at (a) 250C in a vessel
through which a stream of dry air is forced, (b) in an oven at 65.50C 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: 0C.
(underline which temperature 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 scale values that apply to the compound
under study.)

cr_

TIME

22. Solubility of new compound:

<0.1 g/100 ml H 20 at 250 C. _ ____g/100 ml H20 at ______ C.

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

0.1 g/l00 ml toluenp t 2 C
(7name material used aa solvent)

I.R.PEC507OTOETE ~ 100 WAVE NMBWERS IN Ck+' 120o20o10 WAVE NUMBERS IN CM- 62

N.CI PRISM 20I 300 34000 2541
NO. DATE INDEX.

5.134--.126- -1, 
T !

SAP.EL~,I. it, -C .. r~ i 1A

ýE l CMII.) MU. MG I 4 T

I I I , 1 2

4 P~.S. IOU.1 C1 GAS1 IMM 'i I 1I .L0
BAIRD ASSOCIATES, IN - 2- 3 1- B 6 7 o I 1 3 4 3

CABBVR.AS. US-.WAVE LEN4GTH IN MICRONS WANE LENGTH IN MICRONS
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Under comretabilt. 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 adverse effects on either the chemical or physical
nroperties of either material. These tests will probably be of varied extent. They might be some of
the followings (a) Standard stability tests. (b) Simole observations of exudation or separation at
ambient or accelerated temperature. (c) Prepare 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
a NCO clamp. After several days note the oily collection on the Doper. Please give reference to or
describe procedure used. Item 28 is to indicate 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 (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

'1. Additional information: (toxicity, hazafds, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound.)

Glnuf-i1ht.d 1Ita-blpcok ynThe 11

Cal(n]ted 'halistic-mortar value 12\,
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Date Questlonnuire 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 ma;y possibly be used as a constiituent of solid propellants or other explosives. It is not expected
that all this information will be available for every compound. For exam le, with a compound showing poor
stability it is probably not advisable to investigate that compound fartger. After placing such information
as is available for a compound whi h you have prepared or tested on one of these forms, send it to SOLID
PROPELLAIT INFORMATION AGENCY, APIJHU, 8621 0eorgLa Avenue, Silver Spring, Marland. As additional infor-
mation on the same or new compounds accrues, forward it on a similar lorm 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 co-pes 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: 1, i, 1 5, 8, 11s 14, 18,18, 18-Decanitro-3, 16-

Name di ox -h. 1-di eto-5.8. 1• .J.-t-t-.7 - Information submitted by.
Empirical formula octadecane U Utih ( ,14 Activity AeroP-G~ nerI Corpornt on
Structure:(configuration) . . . . Person M.B.Frankel and L.T.Carleton

Date I Novembe.r 1953
NO NO

L 2 2 21 2 2
CHNHC2C2OCH2 C(OG--HNHC2C2H2C(NO2-] 32HO " 2 •2

NO NO,, H NO No
r 2 "1 ý'[ HN03 ' 2 12 -

CH2NCHOCH-NCO1 + 2HO-H2C(N02)3 IH 2NCHCH2N00 2CH20(N02)3 -- 9-H 2 NCH 2 CH2 NCO 2CH2 C(NO2) 3 2
2 2 2 22 LC )13 2

1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen

Calculated from formula 19.47 2.18 26. 49
By determination ]19 -51 2.29 _5_78

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

(faster? olower? residue? etc.)
S. 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 )MO M 2 .5-kg weight
b. Thermal Stability OSRD 3401 p.8

c. Vacuum Stability NOL W 48 hr at IfOOC
d. Temperature of Explosion OSRD 3401 p.6

e. Temperature of Ignition NOL
f.
g.
h.

RESULTS OF ABO(•VE TESTS
Reference compou.._, New Compound test results

(designation-TNT, Tetryl, N.C., etc.)
a.Tetryl, 32 cm/2.5 kg 20 =m/2.5 ka

h.
C. 22.5 cc/g,
d.
e. 213v0
f.
9.
h.

4. Heat of formation: (&W) -190 Kg. calories at 259C., I atra. pressure
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By Experiment By Calculation Method
Desoription or reference. Separate

5. Eergs cal/gm shoe* if necessary.

•a 50r'. H20 liquid)"

6. Heat of combustion (H ) 2006 cal/gm 2086 Aerojet Report No. 417A
(at 2500. H2 0 liqui)

7. Specific impulse (Isp) caic: lb-sec/lb

8. Physical form of compound(viscous linuid, crystalline type, etc.) white, crystalline solid

9. Simple microscope analysis data:
(drystal studies)

10. DensityiMacro method) 1,_78 __gm/cm 3 . (Micro or other method) gm/cm3 .

(NOL) (5 " Exlsin on separate sheet any unique methods you use.)

11. Index of refraction: (n2 5 0 .) 12. Color white 13. Odor none

14. pH at 250C. 2.h (Method reference OSRD 3401 o.4, or OSRD 5968. Indicate method used, i.e.
solvent a6d concentrations used. pH indicator Dauer or Beckman pH meter.) With Beckman meter.

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

15. Hygroscopicity. Reference

New Compound Compound
Visible change on exposure designation

to ambient air.

% wt Increase by* (a) or (b)
(Strike out method (a) or (b) if not used.) (If 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 weighing bottle. The weighing bottle (cover removed) Is placed in a vacuum drying oven for 5 hrs.
* 550C. Remove weighing bottle from oven, cover with glass stopner, cool in a desiccator and 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)"containing 1 liter of 18.6' .5% H2 S0..

(This gives relative humidity 90 t.25%). Place in an oven maintained at 30:-2OC. On the fourth day
remove weighing bottle from the humidor, cover with glass stopner, cool in a desiccator and weigh.
Then return to humidor for 24 hours, cool and reweigh. Continue daily weighing. 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 area; for
solids, the sample should be screened between 100-120 mesh U.S. Standard certified sieve) per 4 hrs.,
after constant rate of loss is obtained during three consecutive 4-hr. periods at (a) 25'O in a vessel
through which a stream of dry air is forced, (b) in an oven at 65. 5 0C or (c) under other test method or
conditions.

(Description or reference to other test or conditions used. Use separate sheet if necessa.y.-

Volatility results on: New Compound Reference Compound

(designation)
a. a.
b. b.
C. C.

17. Boiling point, or decomposition temperature: _C.

(underline which temperature is reported)
18. Heat of Vaporization: g-cal./gm BTU/lb.

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 scale values that apply to the compound
under study.)

0

0.

TIME

22. Solubility of new compound:

_______0 ______1__ /100 ml H2 0 at 250C. ______g/100 ml H2 0 at _______C.

28 9/i00 ml acetone -at 25 C.
*(name material used as solvent)

0.1 g/100 ml toluene -a 5 T
(name material used as solvent)

ftR. SKECTROPHTOMETER so o TS 250 WAVE NUMBERS IN CM'- goo 200E NUMBER IN0 900
N.C] PR SM I 0ý...31 1ý 2000 5100 1401, !0 1 '20 1DI65

DATE I0NDEX.0

SAW. CEIjMM , 5.

RE.CL j M M 4 40ý
EM~v Ms+ - 2

SO C. 20C

BAIRS )AS fATES 0iI :iI LI I 1. 0
CMR .MAS. 1 2 3 4 WAVE LENGTH IN MICRONS WAVE LENGTH IN MICRONS
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Under comp2 tabilit we are considering the ability of two compounds to be in intimate contact (Note
oS 5775-8 p. 21-22) over a long period of time without adverse effects on either the chemical or physical
nroperties of either material. These tests will probably be of varied extent. They might be some of
the following: (a) Standard stability tests. (b) Simole observations of exudation or separation at
ambient or accelerated temperature. (c) Prepare 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
a 0C0 clamp. After several days note the oily collection on the oaper. Please give reference to or
describe procedure used. Item 28 is to Indicate 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 witl_

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

'i. Additional information: (toxicity, hazards, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the

Calculated lea-d-block value 3C 1119
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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 conpoundwhich may ossibly be used as a constituent of solid propellants or other explosives. It is not expectedthat all ytis information will be available for eve compound. For example, with a comound showing poor

stability it is probably not advisable to investigate that compound farther. After placing such information
as is available for a compound whi h ou have prepared or tested on one of these forms, send it to SOLID
PROPELLAM INMF01ATION AGENCY, APW. JU, 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. Xxtra 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:I,1,1,5-Tetranitro 3-oxa 4-keto
Name q-aza-heotane Information submitted by:
Empirical formula U~n2N010 Activity Aeroj et-Ge neral Corporation
Structure:(configuratlon) Person M.B.Frankel and L.T.Carleton

Date 1 November 1923
NO

GH3 CH2 NCO2 CH2G(NO2 )3

H NO
IHNO I

CHCH2NCO -- HOCH 2 C(NO2 )3-)- CH3 CH2NOO 2 0,2 C(NO2 )3 -b CH3 CH2 NCO2CH2C(NO2 ) 3

1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen e

Calculated from formula 20.21 2.38 23 •_7n

By determination" 20. 2.0 23.68

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

(faster? sl-ovt 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 9 2 .5-ka weight
b. Thermal Stability OSRD 3401 p. 8

c. Vacuum Stability NOL LR8 hr q+ iOOjr.
d. Temperature of Explosion _ _ _ _ 3401i_
e. Temperature of Ignition NOL _ _ _ _ _ _
f.

g.
h.

RESULTS OF ABOVE TESTS
Reference compound_, __New Compound test results

(designation-TNRI, Tetryl, N.C., etc.)
a. Tetryl, 32 cm/2.5 kg 19 cm/2.5 kg
b.c. ____28.4_________________

e. 2___________o__________'__

e.

h.

4. Heat of formation: (AM + -106 Ng. calories at 251C., I atm. pressure
-- indieate sig-nT
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By Experiment By Calculation Method
D*sor=Vtion or roforeno*. sopa&rte

5. Errgyof explosion ( ) cal/gm __o_____ __ oo____y.8t 5oc. H20 liquid)
6. Heat of combustion (H_) 2031 cal/gm 2032 Aerojet Report No. 417A

(at 250C. H2 0 liquid)

7. Specific impulse (Is calc: lb-sec/lb

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

9. Simple microscope analysis data:
(crystal studies)

10. DensityfMscro method) _'.629 gm/cm3 . (Micro or other method) )gm/cm3.

(NOL) ( ° mlain on separate sheet any unique methods you

11. Index of refractiu ) 12. Color white 13. Odor none

14. pH at 25 0C. 3.9* (Method reference OSRD 3401 o.4, or 0SRD 5968. Indicate method used, i.e.
solvent and concentrations used. pH indicator neaer or Beckman pR meter.) With Beckman

meter. 0.03 M in acetone/water (5/I volume ratio)

4 -

3~
---- --[--------

2 - - -

J.T

250 A 300 35o0

Ultraviolet Absorption Spectrum of 1,1,1,5-Tetranitro-3-oxa
h-keto-5-aza-heptane

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

0
W

D

CC

0.

TIME

22. Solubility of new compound:

<0.1 g/100 ml H20 at 25°C. g/lO0 ml H 20 at _C.

A 310 g/100 ml acetone at 25 °C.
(name material used as solvent)

65 g/lO0 ml toluene at 25
(name material used as solvent)

I.LSPECTROP OTOMTER WAVE NUMIERS IN CM'I WAVE NUMBERS IN CM'I 6PS
NCl PRISM 40,00 100 2S• . . .11* . ,' , 415 ' 14 1 1300 11200 1 1,rl00 ...... "0.. . . .40 .. . . .. r. . . . .57. .

"NO. PL too .. .. I too 1J[

ATE . ^INE 
.

I 
T

1-g 59

U tp d

FRO , ,tT, , I , . , -124zSAMP CELL,. 40 . '

RERCLL S. .0

SEOULY 2M . - -. -I

20EV.L IV L r _L

V001 -G I I - - U

I~rRG.OIA ES, I It0
MrD 6 7S S I 2 3 1 R ICAMI( GEMASS..U.SA 2 3WAY! LENGTH IN MICRONS8 9 10 1 WAVE 12 GT IN MICRONS
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Under compatabilitz 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 adverse effects on either the chemical or physical
nroperties of either material. These tests will probably be of varied extent. They might be some of
the following: (a) Standard stability tests. (b) Simole observations of exudation or separation at
ambient or accelerated temoeratiure. (c) Prepare 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
a Or," clamp. After several days note the oily collection on the caper. Please give reference to or
describe orocedure used. Item 28 is to Indicate 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:

2'7. 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? resepn'ch on1 nti t, as
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

.41. Additional information: (toxicity, hazaads, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound.)

Calculated lead-block Falue =lb

. Method of Aerolet Report No. ;12. pbCalnu]nted ba11-is tic-:mortar value=13
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Pate 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 mW possibly be used as a constituent of solid propellants or other explosives. It is not expected
that all this information will be available for every compound. For example, with a compound showing poor
stability it is probably not advisable to investigate thit compound farther. After placing such information
as is available for a compound whi h you have prepared or tested on one of these forms, sen i to SOLID
PROPELLANT INF0BMATION AGENCY, APWM u, 8621 Georgia Avenue. Silver Spring, Maryland. As additional infor-
mation on the same or new compounds accrues, forward it on a similar lorm 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 colies 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: N,N' -Dinitro-N,N' -bis(3,3-Dinitrobutyl)
Name Oxamide Information submitted by.
Empirical formula CU1 HI RN8, 1 Activity Aerojpt-General Corporation
Structure: (configuration) Person M.B.Frankel and L.T.Carleton

Date 1 November 1953SNO N020.

H3002CH2 NC 2
N02

NO HO HO NO NO0
'2, '2 H HNO3  2 121I

2CHCOH2OH2NHi2 + 1 0Etj ----)13CH CO2NG 2 H3CHC2N' 2
NO2  L -2 L NO 2 21 N' 2 H2

1. Quantitative analysis:(% by weight)
Carbon Hydrogen Oxygen Nitrogen

Calculated from formula .. 3. 25. 3.00 23.83
By determination 25.84 3.26 2h.37

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

Mfaster? slower? residue? etc.)
3. Stability and Sensitivity. Plot any graphs on Discuss methods used when they vary

separate sheet fro references. Give temperature used.
(Use separate 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. 1 0

d. Temperature of Explosion OSRD 3401 p. 6

e. Temperature of Ignition OSRD 3401 p. 6

f.
g.
h.

RESULTS OF_.ABOVE TESTS
Reference compound , New Compound test results

(designation-TNT, Terryl, N.C., etc.)
a. .

b.
C.
d.
e.
f.
go
h.

4. Heat of formation: (AM) -145 Xg. calories at 256C., I atm. pressure
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By Experiment By Calculation Method
Desoription or efeorenoq. Separate

5. E er gy o explosion ) cal/gm .hoes if neoo5ozs y.
lat 25o•r. H20 liquid)

6. Heat of combustion (H ) 2708 cal/gm 2773 Aerojet Resort No. 417A
(at 250C. H20 liquiT)

7. Specific impulse (Isp) calc: lb-sec/lb

8. Physical form of compound(viscous linuid, crystall.ne type, etc.) flat white crystals

9. Simple microscope analysis data:
(crystal studies)

10. Density(Uacro method) - -m/cm3. (Micro or other method) use_)gm/cm 3 .
lain on separate sheet any unique methods you use.)

11. Index of refraction: (n2 5 0 " ) 12. Color white 13. Odor none

14. pH at 250. 4-8* (Method reference OSRD 3401 L.4, or OSRD 5968. Indicate method used, i.e.
solvent and concentrations used. pH indicator vaoer or Beckman pi meter.) With Beckman Dh

meter, 0.004 M in acetone/water (5/1 volume ratio)

250 '300 350

Ultraviolet Absorption Spectrum or N. NV-Dinitro-bis NN .
(3.3-Dinitrobutyl) Oxamide in Methanol

20. Melting point 1i2-143 9.

*Decreasing steadily.
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21. Freezing point vs. Time Curve: (Plea.. mark tht coordlinate. with scale values that apply to the compourA
under study.)

0

TIME

22. Solubility of new compound:

-- - .101 g/100 ml H2 0 at 25 0C. _____ /100 ml H2 0 at ______ C.

46 g/100 ml _______________________ at 25 OC.

(name material used as solvent)
0.3 g/100 ml +.nliiPnP at 2 O.

(name material used as solvent)

Lft.SPEOC HTOOI10M010 *E 5 WAVE NLIMUAS IN CIP20 10 WAVE NUMIOAS IN 0*1
ON 3n..2 ý 2r0 1-0 400, 500 . 10 1I

NO. N I PRSM 00 "T .4]1 00

60~

00(0.C Ul W20

CHE MG. MG .c ----~I --

GAS I4 I I - -- , EI
IIAJRS A .

IWAVE L004611 IN MCRONS WAVEt LENGTH IN aCAONS
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Under comstsbilitý 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 adverse effects on either the chemical or physical
properties of either material. These tests will probably be of varied extent. They might be some of
the followings (a) Standard stability tests. (b) Simple observations of exudation or separation at
ambient or accelerated temperature. (c) Prepare thin sheets (.025" thick, 1" square) of the plasticized
material. Separate the sheets with strips of cigarette paper or carbon paper and compress the stack in
a RCO clamp. After several days note the oily collection on the oepar. Please give reference to or
describe procedure used. Item 28 is to indicate 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 (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

.41. Additional information (toxicity, hazafds, deterioration, oxygen balance, detonation rate, explosive
power, ease of hydrolysis by water, etc. List references, reports, data books, etc. that refer to the
compound. )

Calculated lead-block valueIR

Calculated ballistic-mortar value = 1 MN292
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