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A STUDY OF THE PLOSIO4 LIMITS OF

SIMPLE DIFLUORAMINO COMPOUNDS (U)

I. ABSTRACT

The products of the explosive and non-explosive thermal decomposi-
tions of 1,2-bisdifluoramino-2-methylpropane (IBA) have been analyzed for
hydrogen cyanide and acetylene and products not condensable in liquid nitro-
gen. The hydrogen cyanide yields for explosion are approximately one mole
per mole IBA consumed; for non-explosive decomposition the yields are much
lower. Similar results are found for acetylene.

The explosion limit curve for equimolar IBA-NO mixtures intersects
that for pure IDA near 415"C. The former curve is lover at temperatures be-
low 415*C.

An analytical method utilizing infrared spectroscopy has been de-
veloped to determine the rate of thermal decomposition of 2,2-bisdifluor-
aminopropane. Preliminary results support the belief that the reaction is
homogeneous, first-order and has an activation energy of about 45 kcal/mole.

II. INTRODUCTION

This is the eighth quarterly progress report on this research
program. In this program we are studying the explosion limit behavior of
simple bisdifluoramino compounds. We hope to elucidate the basic nature of
the explosive phenomena and to determine whether a relationship exists bet-
ween explosions, as carried out in these studies, and sensitivity character-
istics, as, for example, determined by impact testing. The compounds that
are of interest to us are: 1,2-bisdifluoraminopropane, 2,2-bisdifluoramino-
propane, 1,l-bisdifluoraminopropane, 1,3-bisdifluoraminopropane and 2-methyl-
1,2-bisdifluoraminopropane. These compounds will be referred to in this
report as 1,2-DP, 2,2-DP, 1,1-DP, 1,3-DP and IBA respectively.

III. STATUS OF THE PROJECT AT THE START OF THE PRESENT PERIOD

The experiments that we have performed to date may be grouped into
the following: explosion limit measurements (including effects of geometry
and added gases), thermal decomposition studiesproduct analysis, and tempera-
ture profile measurements during the induction period. Very few results have
been obtained in the last area because of the experimental difficulties in-
herent in the fabrication of fine thermocouples into the reaction flasks and
the high rate of their destruction during explosions. The results that have
been obtained in the above areas will be summarized below.

A. Explosion Limit Measurements

We have determined explosion limits-temperature curves for 1,2-DP,
2,2-DP and IBA. The principal features of these results are:

I
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1. For explosion limit pressures of 5-50 mm the curve for 2,2-DP
is about 100"C lower than that for 1,2-DP.

2. Although explosion limit data for 1,2-DP and 2,2-PP could be
determined in Pyrex flasks of nominal 200 cc and 1000 cc capacity, explosions
could not be achieved with IBA in a 200 cc flask. An explosion limit-
temperature curve was determined in a 1000 cc flask and it lay about 20-30*C
higher than the comparable curve for 1,2-DP.

3. For 1,2-DP and 2,2-DP, in experiments below the explosion limit,
the pressure-time curve was a line of small positive slope. For IBA, in
experiments below the explosion limit an abrupt pressure increase of four-
fold was observed, followed by a further slow pressure rise comparable to
that observed for the other compounds.

4. The presence of nitric oxide is an amount equimolar to the di-
fluoramino compounds lowered the limit curve for 1,2-DP and raised it for
2, 2-DP.

B. Thermal Decomposition Studies

lanometric measurements of the rate of thermal decomposition have
been performed for 1,2-DP and 2,2-DP in Pyrex flasks. The evidence is
strong that for the temperature range 250*C-350*C, the former compound de-
composed by a heterogeneous mechanism; for the temperature range 276-300*C,
the thermal decomposition of the latter compound appears to be homogeneous,
first order, and to have an activation energy of about 40 kcal/mole.

C. Product Analysis Experiments

1. The Explosion Products

a. Qualitative Results

In all the explosion limit experiments to date the products have
been in contact with glass either in a reaction vessel itself or in the
vacuum lines exterior to the vessel. The absorption peaks of silicon tetra-
fluoride have been prominent in the infrared spectra of the products of all
the compounds studied. An obvious precursor of silicon tetrafluoride is
hydrogen fluoride. However the possibility that other fluorine compounds
have reacted with the glass to yield silicon tetrafluoride cannot be excluded.

For 1,2-DP and 2,2-DP the procedure of separating the reaction
products, by means of a Toepler pump, into a fraction non-condensable in
liquid nitrogen and a fraction condensable in liquid nitrogen has been followed.
Nitrogen and hydrogen have been identified in the non-condensable fraction.
Hydrogen cyanide, acetylene and silicon tetrafluoride have been identified
in the condensable fraction. For IBA the only results to date are that
silicon tetrafluoride, hydrogen cyanide and acetylene are products.

-2-
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in addition, explosion of each of these compounds is accompanied
by the deposition of a black solid on the walls of the reaction flask. In
the experiments with nitric oxide, the formation of this solid is very
substanially reduced.

b. Quantitative Results

Only limited data are available on the quantitative nature of the
product distribution. Mass spectrographic analysis has indicated the follow-
ing result for the products of a 1,2-DP explosion at 4140C.

TABI I

The Products of Explosion of 1,2-DP at 4140C

Moles per mole DP

N2 H2 CO HCN C2H2  SiF4

0.22 0.12 0.11 0.98 0.17 0.52

We feel that this area, that of product analysis, deserves more
effort than we have given it to date.

2. Products of Non-Explosive Decompositions

The principal differences between the products of explosive and
non-explosive experiments are that acetylene is a prominent product in the
former and is virtually absent in the latter and that the ratio of product
moles to reactant moles is much higher in the former than in the latter.

D. Temperature Measurements During Induction Period

The extent of the temperature rise during the induction time to
explosion is an important clue as to the nature of the explosion. For a
thermal explosion, thermal theory predicts the magnitude of this rise (1).
For branched chain explosions the temperature rises are much smaller than
the above prediction (2) since it is chain carrier accumulation that is
important, not temperature rise. For this reason we have been most inter-
ested in measuring temperature histories during the induction period to
explosion. The thermocouples for this purpose must be fabricated from wires
that are very fine so that the heat capacities and conduction of the wires
do not interfere in the readings. We have made many measurements with .001
inch chromal-alumel and Pt-Pt, 10 per cent Rh thermocouples. However, such
a high incidence of breakage occurs that little in the way of useful results
have been obtained. At 406"C (3) a temperature use of .30C was found for
a 1,2-DP explosion. This indicated a reaction having an energy of activation
of 48 kcal/mole.

-3-
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IV. PROGRESS DURING PRESENT PERIOD

During the present period we have performed more experiments on
IA and on 2,2-DP. These are discussed below.

A. Experiments with IBA

1. Product Analyses Experiment

In our last report (4) the presence of hydrogen cyanide, acetylene
and silicon tetrafluoride in the products of the explosion of IBA was reported.
In the present period we have performed experiments whose aim was the quanti-
tative determination of these compounds.

In the procedure used to date, the products of an explosion are
transferred to a reservoir bulb, via a liquid nitrogen-cooled trap, by means
of a Toepler pump. The material passing this trap exhibits no absorption in
the infrared region and is referred to as the non-condensable fraction (n.c.).
The liquid nitrogen trap is then replaced by a -800C trap and the material
that vaporizes is Toepler-pumped to a reservoir flask. Auxiliary experiments
with hydrogen cyanide and acetylene showed that hydrogen cyanide is retained
in the -80C trap while acetylene is transferred to the reservoir. The residual
contents of the -80C trap are then dissolved in 6N ammonium hydroxide and the
cyanide content determined by an argentometric technique (5).

-l
The acetylene is determined by means of its absorptions at 3230 

cm

and 1340 cm"1. We hope to determine silicon tetrafluoride by making use of
the fact that sodium fluoride pellets (prepared by heating pellets of sodium
hydrogen fluoride in nitrogen so that the hydrogen fluoride is driven off)
absorb silicon tetrafluoride quantitatively.

We have obtained scattered preliminary results with IBA and these

are tabulated below.

TABLE II

Products of IBA Explosion and Thermal Decomposition

Moles per Hole IBA

Expt. Temp. Expl. n.c. HCN C2H2  Pf/P.

258-2 407 + .72 4.4
259 406 + .66 4.8
259 406 + .70 4.8
259 406 + .70 4.8
260 405 + .61 4.3
260 405 + .61 4.3
261-4 401 + .68 .42 4.3
261-1 401 + .72 1.07 4.7
262-2 396 + 0.95 4.9
263 408 + .60 .98 .32 4.2
264-1 415 + .65 .38 4.4
265-1 415 + .78 1.29 .44 5.0
266-1 418 + .77 1.26 .44 5.0
268 416 - 0.31 3.3

.-4-

! CONFIDENTIAL



ATLANTI. REEAR.H CORPORATION CONFIDENTIAL
ALEXAN OR IA,VIRGINIA

Expt. Temp. Expl. n. c. HCN C2? 2  Pf/P,

420 - 1.9
269 411 - 0.35 0.33 absent
270 405 - 0.35 0.51
259 406 - 0.41 3.3
263-2 408 - 0.11 2.7

These initial results for the explosion products are quite con-
sistent. The acetylene yield is fairly constant at about 0.3 - 0.4 moles
per mole IBA and the HCN yield is close to unity. When we are able to
determine the silicon tetrafluoride we will know how much of the products
we can identify.

A few experiments have been performed for non-explosion experiments
and these are included in the table. The results are somewhat more erratic

but they show markedly lower HCN yields. In experiment 269 where the product
infrared spectrum was examined for acetylene, no absorption at 725 cm"1 was
observed--i.e., acetylene was absent.

2. Explosion Limit Measurements with Equimolar IBA-NO Mixtures

The effect of nitric oxide on the explosion limit curve of 1,2-DP
was to lower it--i.e., the mixture was more explosive than pure 1,2-DP at
the same partial pressure. For 2,2-DP the addition of nitric oxide raised
the limit. We have performed a number of experiments with equimolar IDA-NO
mixtures over the temperature range 393-450*C in a nominal one liter bulb.
These results compared to the results for pure IDA in Fig. 1. The curve for
IDA-NO is lower than the curve for pure IA above about 4100C and higher
below this temperature. The situation is evidently more complex for IA than
for either of the other two compounds studied to date.

B. Further Measurements of the Kinetics of the Thermal
Decomposition of 2.2-DP

In the preceding report (4), we reported that manometric measure-
ments of the rate of thermal decomposition of 2,2-DP in Pyrex vessels of
differing surface area-to-volume ratio indicated that the reaction was homo-
geneous in the temperature range 276-300*C. We felt that it would be desirable
to investigate the kinetics of this reaction by a method that would be more
reliable than the manometric method. The general method we have considered
is that of withdrawal for analysis of relatively small samples from a rather
large reaction volume. We have considered the use of gas chromotography and
infrared spectroscopy as analytical techniques and have performed preliminary
experiments with both. The results using infrared spectroscopic analyses
have been the more satisfactory and we have concentrated on this technique.

-5-
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An apparatus was fabricated consisting of a 600 cc Pyrex bulb
connected to a manifold so that samples could be withdrawn by expansion into
a small-volume (8.7 cc) Pyrex infrared cell. Rock salt windows were used.
After examination of the infrared spectra of 2,2-DP and its decomposition
products, the absorption band at 980 cm' was selected for use. A major
difficulty associated with the use of this band is the strong adjacent
silicon tetrafluoride absorption at 1020 cm.1 . It was found that silicon
tetrafluoride could be quantitatively removed by passage of the vapors
through a tube containing sodium fluoride pellets. Experiments with pure
2,2-DP showed that it was not absorbed.

A series of measurements of optical density at 980 cm 1 vs pres-
sure indicated that Beer's law was not obeyed in the 0-30 mm range and it
was necessary to construct a calibration curve. By means of the curve it
was possible to convert optical density readings into concentration units.

A few experiments have been performed in the 240-260C temperature
range where the reaction proceeded at a rate convenient for this method of
determining the kinetics. Our initial conclusions, which are tentative be-
cause comparatively few runs have been made, are that the reaction has an
activation energy in the vicinity of 45 kcal/mole and that it is first order.
An activation energy of this magnitude is strong evidence for a homogeneous
react ion.

We hope during the next period to get precise kinetic data on the
thermal decomposition of this compound.

V. PIANS FOR THE FUTURE

Our belief that the thermal decomposition of 2,2-DP is a homogeneous
first-order reaction in the temperature range studied is reinforced by the
results obtained in this period. We intend to perform further experiments to
test this.

The product analyses experiments have yielded consistent results.
We will perform such experiments on the products for 2,2-DP. We hope to be
able to determine silicon tetrafluoride as well.

Explosio,, limit experiments with 1,1-DP and 1,3-DP will be performed.

VI. REFERENCES
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Attn: STL Tech. Lib. Doc.

Acquisitions (2)

Allison Division CP-135 Martin Company, Denver Div. CP-157 Texaco Experiment Inc. CP-187
General Motors Corporation P.O. Box 179 P.O. Box 1-T
Indianapolis, Indiana 46206 Denver, Colorado 80201 Richmond, Virginia 23202
Attn: Plant 8, Technical Library, Attn: Res. Library, A-52 (1) Attn: Librarian (I)

Mr. W. H. Richardson (1)

Hercules Powder Company CP-138 Martin-Marietta Corporation CP-158 Thiokol Chemical Corp. CP-189
Allegany Ballistics Laboratory Sand Lake and Kirkman Roads Alpha Division,
P.O. Box 210 Orlando, Florida 32805 Huntsville Plant

Cumberland, Maryland 21501 Attn: Library (1) Huntsville, Alabama 35800

Attn: Library (1) ALtn: Technic.l Director (2)

Hercules Powder Company CP-139 Minnesota Mining & Mfg. Co. CP-159 Thiokol Chemical Corp. CP-192
Kenvil Works 900 Bush Avenue Elkton Division

Kenvil, New Jersey 07847 St. Paul, Minnesota 55106 Elkton, Maryland 21921

Attn: Library (1) Attn: Code 0013 R & D Attn: Librarian (1)
Via: H. C. Zeman

Security Administrator (2)

Hercules Powder Company CP-142 Monsanto Research Corporation eP-iN6 Thiokol Che mical Corp, cP-1Qi
Research Center Boston Laboratory Reaction Motors Division
Wilmington, Delaware 19899 Everett, Massachusetts 02149 (1) Denville, New Jersey 07834
Attn: Dr. Herman Skolnik, Attn: Librarian (I)

Manger, Technical

Informstion Division (1)
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Thiokol Chemical Corp. CP-194 British Defense Staff **F-I

Rocket Operations Center British Embassy

P.O. Box 1640 3100 Massachusetts Avenue

Ogden, Utah 84401 Washington, D.C. 20008

Attn: Librarian (1) Attn: Scientific Information
Officer

VIA: Agency International
Programs Offices as

Thiokol Chemical Corp. CP-195 noted below (4)

Wasatch Division
P.O. Box 524
Brigham City, Utah 84302
Attn: Library Section (2)

Thompson Ramo Wooldridge CP-196 Defense Research Member **F-2

23555 Euclid Avenue Canadian Joint Staff (W)

Cleveland, Ohio 44117 2450 Massachusetts Avenue

Attn: Librarian (2) Washington, D.C. 20008
VIA: Agency International Programs

otfices as noted below (4) CATEGORY*** COPIES***

Union Carbide Corporation CP-198 Commanding Officer CP-16

Plastics Co. Div. Ammunition Procurement 2 1

1 River Road & Supply Agency 4 1

Bound Brook, New Jersey 08805 Joliet, Illinois 60400

Attn: Librarian (1) Attn: Engineering Library

United Aircraft Corp. CP-201 Department of Commerce CP-234 1 1

Corporation Library Office of Export Control 2 1

400 Main Street Washington, D.C.

East Hartford, Conn. 06118 Attn: Chief, Chemistry and 3 1

Attn: Dr. David Rix (1) Fuels Section 4 1
Paul M. Terlizzi

United Aircraft Corporation CP-202 Headquarters, USAF CP-68 1 1

Pratt & Whitney Florida Washington, D.C.

Research & Development 20330 3 1

Center Attn: AFRSTD

P.O. Box 2691
W. Palm Beach, Florida 33402
Attn: Library

United Aircra.t Corporation CP-204 AFRPL (RPCL) CP-62 1

United Technology Center Edwards 3

P.O. Box 358 California 93523

Sunnyvale, California 94008
Attn: Librarian (1)

General Electric Company CP-211 AFRPL (RCPS) CP-63 1

Apollo Support Department Edwards I

P.O. Box 2500 California 93523

Daytona Beach, Florida 32015 (1)

Attn: C. Day

Midwest Research Institute CP-227 Commanding Officer CP-26 1

425 Volker Boulev.ird Picatinny Arsenal

Kansas City, Missouri 64110 (1) Liquid Rocket Propulsion 3
Laboratory

Dover, New Jersey 07801 4
Attn: Technical Library

Ozark-Mahoning CP-228 Peninsular Chem. Research, Inc. CP-219 I

310 West 6th Street P.O. Box 14318, Univ. Sta.

Tulsa, Oklahoma 74119 Gainesville, Florida 32003

Attn: Dr. James B. Beal (1) Attn: Security Officer
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CATEGORY*** COPIES*** CATEGORY*** COPIES***

Martin-Marietta Corporation CP-220 I I Olin Mathieaon Chemical CP-168 2 1

Middle River Corporation

Baltimore, Maryland 1 1 Marion, Illinois 62959 4 1

Attn: RIAS Attn: Research Library

Mr. C. Edgar Thomas Box 508

Callery Chemical Company CP-Ill 2 1 Olin Mathieson Chemical CP-169 1 1
Research and Development Corporation

Callery, Pennsylvania 16024 Research Library 1-K-3 2 1

Attn: Document Control 275 Winchester Avenue
New Haven, Connecticut 06511 3 1
Attn: Mail Control Room

The Carborundum Company CP-112 4 1 Mrs. Laura M. Kajuti
Box Number 162
Niagara Falls, New York 14302

FMC Corporation CP-ll5 1 1 Pennsalt Chemicals Corp. CP-170 1 1

Chemical Research and Technological Center 2 1

Development Center 3 1 900 First Avenue

P.O. Box 8 King of Prussia, Pennsylvania 19406 3 1
Princeton, New Jersey 08540 4 1

Attn: Security Officer
Tracor, Inc. CP-228 1

1701 Guadalupe
Austin, Texas 78701

Clevite Corporation CP-117 4 Attn: Document Control
Mechanical Research Division

540 East 105th Street Purdue University CP-174 2 1
Cleveland, Ohio 44108 Lafayette, Indiana 47907 3 1

Attn: N. C. Beerli Attn: M. J. Zucrow 4 1

Dow Chemical Company CP-124 1 1 North American Aviation CP-181 2 1

Western Division Rocketdyne Division

2800 Mitchell Drive 2 1 McGregor Plant 4 1

Walnut Creek, California 04598 McGregor, Texas 76657
Attn: P. D. Oja 3 1

Ethyl Corporation CP-127 1 1 Shell Development Company CP-183 1 

P.O. Box 3091 2 1 1400 53rd Street 2 1

Baton Rouge, Louisiana 70805 3 1 Emeryville, California 94608 3 1

Stanford Research Institute CP-186 1 1 Texaco, Inc. CP-lE8 1 1

Propulsion Sciences Division P.O. Box 509 9 1

Menlo Park, California Beacon, New York 12508
Attn: Dr. R. E. Conary 3 1

Manager

Hynes Chemical Research Corp. CP-144 1 Union Carbide Corporation CP-200 1 1

308 Bon Air Avenue 2 1 270 Park Avenue

Durham, North Carolina 27704 3 1 New York, New York 10017 3 1

Attn: C. R. Buell
Security Officer 4 1

California Institute of CP-221 2 1 Thiokol Chemical Corporation CP-190 1 1

Technology Space Booster Division 2 1

1201 E. California Boulevard 4 1 Brunswick, Georgia 31520

Pasadena, California Attn: Librarian 4 1
Attn: Security Officer

Battelle Memorial Institute CP-120 4 1 Los Alamos Scientific Lab. CP-154 1 I

505 King Avenue University of Californii 1 1
Columbus, Ohio 43201 P.O. Box 1663

Los Alamos, New Mexico 87544 4 1

National Research Corp. CP-163 Aerojet-General Nucleonics CP-213 1

70 Memorial Drive Foot o FoestorLa Way

Cambridge, Massachusetts 02142 Sin Ramon, California 94583
Attn: Document Custodian Attn: Dr. Carpenter

Document Control Section
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CATEGORY*** COPIES*** CATEGORY*** COPIES***

Purdue University CP-214 1 1 Union Carbide Corporation CP-215 1 1
Lafayette, Indiana 47907 P.O. Box 278
Attn: Henry Feuer Tarrytown, New York 10592

Attn: Dr. S. R. Aspinall
Manager

* Reports prepared under a Bureau of Naval Weapons contract will be transmitted VIA:

Bureau of Naval Weapons
Department of the Navy
Washington, D.C. 20360
Attn: DLI-302

** Reports prepared under a Department of the Army contract or project will be transmitted VIA:

Commander
U.S. Army Missile Support Command
Attn: SMIDW-BI
Redstone Arsenal, Alabama 35809

Reports prepared under a Department of the Navy, Bureau of Naval Weapons contract or project will be transmitted VIA:

Bureau of Naval Weapons
Department of the Navy

Washington, D.C. 20360
Attn: DSC-3

Distribution of reports from Department of the Navy, Office of Naval Research contractors will be handled by separate
arrangements.

Reports prepared under a National Aeronautics and Sp.ice Administration contract or project will be transmitted VIA:

National Aeronautics and Space Administration
Washington, D.C. 20546
Attn: Office of International Programs

*** RECIPIENTS FOR SPECIAL CATEGORIES 1) Propellant Ingredient Synthesis Programs

2) Solid Propellant imd Rocket Motor Programs

3) Liquid Propellant and Rocket Engine Progrs

4) Structural Materials lor Rocket Motors and Engines


