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FOREWORD P

This report was prepared by The Dow Chemical Company, Midland,
Michigan, under USAF Contract FOU611-67-C-0025. 'The ccntract was
initiated under Air Force Program 750 G, AFSC Project 3148, "In-
vestigation of the Thermodynamic Properties of Proﬁ“Tian, Ingre-
dients and the Burning Mechanisms of Prorellants. The work was
administered under the direction of the Rocket Propulsion Labor-
atory, Edwards Air Force Base, with Mr. Curtis C. Selph acting

as Air Force Project Officer.

This final report covers the work performed during a_Jannarx__

1967 through 30 June 1969. The Dow Report Number is TOO25 9 B

T .

This work was performed by Dr. G. C. 3inke and Dr._J. L.
Curnutt, under the technical supervision of Lr. D. R. otull and
-Br7"H ™ Prophet and management supervision of Dr. K. 0. Groves.

This report has been reviewed and is approved.

W. H. Ebelke, Colonel, USAF
Chief, Propellant Division
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ABSTRACT

(C) The heats of formation of methylene bisoxyamine (CHgN202)
and methylene bisoxyamine diperchlorate (CHgNz02:2HC104) were
derived from oxygen bomb combustion calorimetry and solution cal-
orimetry. Selected best values for the two compounds are -22.4
kcal/mole for liquid methylene bisoxyamine and -103.0 kecali/mole
for crystalliine methylene bisoxyamine diperchlorate.

(¢) A technique for obtaining heats of formation of gaseous
C-H-0~N-F compounds was developed, with CFsCN as a reference sub-
stance. When the technique was applied to F2C(ONFz)z, results
deviated widely from the expected range. Chromatographic examina-
tion revealed a large fraction of FgCONFz was present in the sam-
ple and no accurate result for FaC(ONFz)2 could be derived. The
amount of sample available was too small to allow purification.
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(U) THERMOCHEMISTRY

A. THE HEATS OF FORMATION OF METHYLENE BISOXYAMINE AND METHYLENE

BISOXYAMINE DIPERCHLORATE (C)

1
N

1. Introduction (U)

(C) Samples of methylene bisoxyamine (hereafter referred
to by code letters DO) and methylene bisoxyamine diperchlorate
(code letters DOAP) were received from Dr. Claude Merrill of the
Air Force Rocket rropulsion Laboratory, Edwards Air Force Base,
California. The samples were investigated by both oxygen bomb
and solution calorimetry.

2. Materials (U)

(U) DO 3is a colorless liquid, reported by AFRPL to be
flammable and to have an impact sensitivity of 70 kg-cm and a
vapor pressure of 1 mm at 33°C. It is somewhat hygroscopic and
was transferred only in a dry nitrogen atmosphere. It is decomposed
catalytically by a number of substances. The present sample was
stated on the basis of vapor phase chromatography to be of higher
purity than the 99.1% material for which data were reported

earlier (1).

(U) DOAP was a white crystalline solid. According to Dr.
Merrill, elemental analyses for carbon, hydrogen, and nitrogen
were in good accord with theory. The compound was transferred
only in a dry nitrogen atmosphere. An analysis for perchlorate
ion at Dow gave T1.15% C10, versus theory of 71.29%.

(U) Ethylene glycol was used as a solvent for both DO and
DOAP. The glycol is hygroscopic and between the two investigations
it picked up enough water to change its heat of combustion appre-
ciably. The heat of combustion of the glycol was therefore
measured twice, once at the time of DO experiments and once at
the time of the DOAP experiments.

3. Equipment (U)

(U) A rotating bomb calorimeter and a platinum-lined bomb
were employed for heat of combustion work. A simple glass Dewar
calorimeter was used for heats of solution. A Beckman micro-
calorimeter was used for the heat of mixing of DO and ethylene

glycol.

4. Procedure (U)

(U) Preliminary experiments showed both DO and DOAP detonated

to incomplete combustion products when ignited in a platinum 2rucible

in a bomb charged with oxygen at 30 atm pressure. Suitable moder-
ation of the combustion reaction was achieved by burning a 50-50
mixiure of DO or DOAP with ethylene glycol.
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(U) A long narrow bag open on both ends was fatricated from
0.5 mil polypropylene film and accurately weighed. A clamp was
fastened across the middle of the bag and the assembly weighedg.
An appropriate amount of DO or DOAP was added to one side of the
bag; this transfer was carried out in a Jdry nitrogen atmosphere.
The end of the bag was heat sealed, and the bag assembly was
removed from the dry box and weighed to deticrmine the amount of
DO or DOAP added. Ethylene glycol was then added to the other
side of the bag, which was heat sealed and weighed to determine
the exact amount of glycol added. After visual inspection and
absence of weight loss had established that the bag was not leak-
ing, the clamp was removed and the contents of the bag mixed by
gentle manipulation.

(U) The bag was next folded into a platinum crucible which
was suspended in a gimbal in the combustion bomb. A cotton
thread fuse was strung from a fine platinum ignition wire to the
bag. For DO experiments, 1.0 ml of water was added to the bomb;
for DOAP runs, approximately 11 g of 0.08 M Ass0z solution was
added from a weight buret. The bomb was closed and charged with
purified oxygen to 30 atm pressure. After thermal equilibrium
was established, the charge was fired by electrical heating of
the fuse wire, and the resulting temperature rise was accurately
monitored by an automatic resistance bridge. After the calorim-
etry the bomb was slowly discharged, opened, and washed out with
hot distillied water. The washings were analyzed for nitrate and,
in the case of DOAP, also for Asz0s and dissolved platinum.

(U) The heat of combustion of ethylene glycol was measured
in the same apparatus. The conditions for the glycol experiments
(such as loading and weighing times) were kept as nearly as pPoOs~
Sible identical to the DC-glycol experiments to eliminate system-
atic errors. The heats of combustion of the polypropylene film
and cotton fuse were reported earlier (1).

(U) Heats of mixing of DO and DOAP in 1 N perchloric acid
were measured in a simple Dewar vessel calorimeter equipped with
a heater, stirrer, and thermometer. Samples of 1 to 2 g were
sealed in thin walled glass ampoules which were immersed in 1
liter of aqueous acid. After thermal equilibrium had been estab-
lished, the ampoule was broken by means of a push rod and the
resulting temperature change recorded. The calorimeter was cal-
ibrated by addition of electrical energy. The heat of mixing of
DOAP and ethylene glycol was derived from measurements of the
heats of solution of DOAP, ethylene glycol, and of the 50-50
DOAP-glycol mixture in aqueous 1 N perchloric acid.

(U) The heat of mixing of DO and ethylene glycol was observed
directly in a Beckman microcalorimeter (1).

-2-
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5. ¢Calculations (U)

7L (U) A number of corrections must be applied to the bomb

; calorimeter data in order to derive true heats of formation.

3 These corrections are calculated by means of a computer program
5 . based on the outline of Hubbard et al. (2) for C-H-O and C-H-0-N
& compounds and of Baroody et al. (3) for C-H-0-N-Cl compounds.

3 Parameters for C-H-0-N compounds are reascnakly well established,
3 but for C-H-0-N-Cl some estimates have to be made (4). Constant
factors specific for the individual compounds DO, DOAP, and

37 glycol are given in Table I.

(U) The calorimeter equivalents, E (calor), were determined
by combustion of benzoic acid and are averages of numerous deter-
minations.

6. Results (U)

24 (¢) calorimetric data for methylene bisoxyamine are given
0 in Table II. The correction for ethylene glycol is taken from
data in Table III.

(C) To the average result of Table II is added the heat of
3t mixing of 5.3 cal/g to give -AE8/M = 353%9.0 cal/g. The molecular
i weight of methylene bisoxyamine is 78.071 which yields:

;5 AE820s = 276.29 + 0.37 keal/mole
for the reaction:

L]
)
CHeNz02(4) + 3/2 0a(g) = COa(g) + 3Ha0(2) + Na(g)

Calculating to constant pressure conditions:

e

AH8s9g = -276.59 % 0.37 keal/mole
from which 1s derived:

AHf20g(4) = -22.4 x 0.37 kcal/mole

The uncertainty is twice the standard deviation.

(C) Calorimetric data for methylene bisoxyamine diper-
chlorate are given in Table IV. Correction for ethylene glycol
is based on data in Table V. The average result of Table IV
and a molecular weight of 278.988 yield:

AE& = -276.86 + 1.48 kcal/mole
for the reaction:

CHgClaNo010(in glycol)~ CO2(g) + 2HCL(6O00HL0) + 3Ho0(4) + Na(g) +
5/2 0z2(g)

-5
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Table T

;i\ (C) Constant Factors in Combustion Calorimetry of DO and DOAPa
»§§ Empirical formula, DO CHeN202
gé‘ Empirical formula, DOAP CHgCl2N2010
gg Empirical formula, glycol CoHeOp
i Densgity of DO, g/cc 1.100

'% 2 Density of DOAP, g/cc (1.85)
éi% Density of glycol, g/cc 1.115
fi 3 Bomb volume, liter 0.349
';ug Water added to bomb for DO and

j;g glycol, ml 1.0

5 ; Initial oxygen pressure at

E § 25°C, atm 30.3

2 é~ Reference temperature, °C 25.00

.§ : Final ratio H.0/HCL for DOAP 600

; %i (aE/aP)T of DO, cal/g/atm (-0.003)
'% : (3E/3P)q of DOAP, cal/g/atm (-0.001)
4 % (3E/2P)  of glycol, cal/g/atm -0.00397
f % C, of DO, cal/g/°C (0.50)

E g C, of DOAP, cal/g/°C (0.26)

; g Cp of glycol, cal/g/°C 0.577
g g E(calor), cal/°C 3427.20
‘2 § Added platinum parts, g 47,33
L2

? %, aQuantities in parentheses are estimated.
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Correcting to constant pressure conditions:

-276.86 + 9/2 RT
-274.20 = 1.48 kcal/mole

Il

o
AHc298

(C) Before proceeding to heat of formation calculations,
the heat of solution results will be presented. Duplicate
determinations agreed to within 0.2 kcal/mole for the following
heats of solution in 1 N HC1O4:

AH sol'n, kcal/mole

CHgN202(4) -13.6
CHeN202 *2HC104(c) + 5.1
Ethylene glycol (g) - 1.35
DWP (dissolved in glycol) + 6.5

The difference in the heat of solution of crystalline DOAP and
DOAPdissolved in glycol gives the heat of solution of DOAP in
glycol as -1.4 kcal/mole. The heat of combustion of crystalline
DOAP is therefore:

AHe ° (e)

-274.20 - 1.40 kcal/mole
298

= -275.60 = 1.48 kcal/mole
The heat of formation of methylene bisoxyamine perchlorate is
calculated from this value and heats of formation of COz, HC1
(in 600H20) and Hz0 as:
AHf;QB(c) = -103.0 £ 1.5 kcal/mole

(C) The above heats of solution provide a cross-check on

the heat of combustion results. From National Bureau of Standards

Technical Note 270-3 the heat of formation of 1 N HC1l04 is -30.96
kcal/mole. The following reaction scheme can be written:

CHeN202(4) + 2HC104(aq) - [CHeN2022HC104] (aq)
AH = -13.6 kcal

CHegN202 "2HC104(c) ~ [CHeN202°2HC104.] (2aq)
AH = +5.1 kcal

adding algebraically:

CHgN202(2) + 2HC104(aq) = CHgN204 *2HC104 (c)
AH = -18.7 kecal

Therefore the difference between the heats of formation of methylene

bisoxyamine and its diperchlorate should be:
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AH = -18.7 + 2(-30.96)
= -80.6 kecal
The difference from combustion calorimetry is:

AH = -10%.0 - (-22.4)
= -80.6 kcal

The exact agreement is of course fortuitous, but does demonstrate
the consistency of the thermochemical network and indicates the
individual values are highly reiiable.

B. ATTEMPTED MEASUREMENT OF THE HEAT OF FORMATION OF F-C(ONFz)» (C)

1. Introduction (U)

(C) A one gram sample of F2C(ONFz)> was received from
Dr. Pilipovich of Rocketdyne Corporation. According to Dr.
Pilipovich, the infrared spectrum of the sample was identical to
that cf highly pure material he had prepared previously. Because
of the limited amount of sample and limited time available, no
attempt was made to further establish the purity and the sample
was used as received.

2. Method (U)

(C) A technique for carrying out an explosion reaction in
a combustion bomb, followed by the addition of water to the bomb
from an annular tank,was developed some years ago A description
of the technique as applied to the reaction of NFz and Hz has
been published (5). For F2C(ONFz)2, it was believed that a
mixture with Hz and Oz would give an explosive mixture yilelding
HF, COz and Nz with perhaps some HNOz. However, it was found
that Ha and 0Oz react slowly to form water in a platinum lined
bomb. A sample of high purity propane was substituted for hydrogen;
this had the advantage that the propane could be condensed in a
steel cylinder and weighed.

(U) To check out this technique, a sample of high purity
CF3CN was exploded with about an equal amount of propane and a
twofold excess of oxygen. Infrared examination of the bomb
gases showed only COz; no trace of CF4 was observed. The heat
of the explosion was measured and a heat of formation calculated
for CFsCN in good agreement with a value obtained from the heat
of reaction of CFsCN and NFz (6). The technique was therefore
regarded as satisfactory.

3. Results (U)

(C) Two explosions on samples of about 0.3 g were carried
out;. The heats of reaction were far less than expected for
F2C(ONFz2)2; in addition, the molecular weight of the material
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calcuiated from the pressure, the bomb volume, and the ambient
tempcrature was far below theory. The remaining sample was there-
fore examined by vapor phase chromatography which showed about

10% of FsCONFz to be present. Ordinarily, one might be able

to correct for this impurity; however, it anpears that the original
sample was partially condensed in the steel cylinder and the gas
phase was much richer in FsCONF, than the liquid. Thus, the first
explosion experiment probably involved 50% or more of FgCONFz,

the second about 20%, and the remaining sample still had 10%
F3CONF2. No accurate singie composition could therefore be
derived. It seems clearly impossible to derive any satisfactory
heat of formation from the data obtained.
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