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FOREWORD

This report includes papers on various aspects of work
performed during the third quarter of fiscal year 1963 under
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CODER COMPONENTS PROGRAM

THIN MAGNETIC FILM PARAMETRONS
by

R. L. King and J. H. Johnson

INTRODUCTION

The parametron, a solid-state digital component with high reliabil-
ity, is generally constructed from a ferrite core, rolled ribbon magnetic
core, or thin magnetic film. The theory of the thin film parametron
was presented in a previous quarterly report (NAVWEPS Report 7214).
This type differs from the ferrite core parametron (discussed in
NAVWEPS Report 7229) in that the pumping field is applied at right
angles to the signal field. It has the advantage over both ferrite and
rolled ribbon (tape-wound) parametrons of being able to operate at higher
pump and clock frequencies.

SUMMARY

Experiments were conducted at the Laboratory to test the basic
theory and to determine the optimum parametron design under operating
conditions. Figure 1 shows a circuit diagram of a commercially avail-
able thin film parametron used in these tests.] The primary winding is
a single, straight, No. 20 AWG copper wire, on the surface of which is
deposited a 25% iron 74% nickel alloy film, 14,900 A thick, to form the
magnetic core. The primary winding carries the excitation current at
the pumping frequency of 2f, and also the dc bias current. The secondary
winding, which is around the axis of the single wire of the primary, is
connected in parallel with a capacitor to form a circuit resonant at
one-half the pumping frequency.

When two of these thin film parametrons were connected in series
with the signal (secondary) windings opposing each other so as to cancel
transformer action (see Figure 2), they functioned at frequencies up to
10 Mc. They were driven by a power supply constructed in the Labora-
tory. (A commercial power supply with an upper frequency limit of a

lKanematau New York, Inc.
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FIGURE 1. Thin Film Parametron
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FIGURE 2. Parametron Circuit

little over 2 Mc was used for preliminary investigations with rolled
ribbon cores.) Since the parametrons are designed for operation at a
pump frequency of 10 to 20 Mc, additional capacitance was added to the
resonant circuits for operation at the 2-Mc frequency.

EXPERIMENTAL DETAILS

Parametrcn design requires a critical choice of physical and elec-
trical parameters, such as pump current, frequency, and bias. It is
desirable, therefore, to establish criteria for predicting the optimum
design and operating points for the various type of parametrons.




In order to develiop a figure of merit for experimental parametrons,
the basic parametron theory, as presented in NAVWEPS Report 7205,
was reviewed. In this report, the required pumping power, P, is given
by

P = - (1)

where P is related to the change of inductance of the magnetic core.
The relationship between the change in inductance, AL, and the Q of the
parametron circuit is found to be

AL 4
L —Q

(2)

This theory was based on high Q and low pumping power. For low Q and
high pumping power, digital differential analyzer computations showed
that AL/L could be smaller than this equation indicates. In any case,
the ratio of AL/L to 1/Q should give a figure of merit for parametron
operation.

To evaluate this figure of merit, several rolled ribbon and ferrite
core parametrons were constructed and the ratio of AL/L to Q was
determined. These parametrons functioned successfully in the param- -
etron circuit at 2 Mc. However, the figure of merit did not prove as
accurate in predicting optimum design parameters as had been antici-
pated. Measurements of AL were strongly dependent on the method of
measurement and, similarly, the values of Q measured in different ways
did not agree with each other.

To obtain the figure of merit measurements for the parametron, a
pumping frequency of 2.0 Mc was used for the input, and the output or
secondary winding was tuned to resonate at 1.0 Mc with the capacitor, C.
Tape-wound cores haviing 10 wraps of 0.000125-inch Mo-Permalloy
material were used. With the drive current set at approximately 0.2
amp, the cores have a switching time of 0.2 usec. Figure 3 shows a
resonant frequency curve of the output circuit with low-level input
excitation.

Figure 4 is an oscilloscope picture of the output of the tape-wound
parametron and the input current 2f, with settings of 1.0 volt/cm for the
output and 1.0 amp/cm for the pump. Figure 5, a curve of inductance
versus bias for these cores, shows that the area of optimum bias would
be between 0.2 and 0.6 amp for successful operation.

Since the resonant peak of the parallel resonant circuit changed
with the amplitude of the input signal, it follows that the inductance is
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changing due to saturation of the magnetic material in the core. If the
circuit is tuned to resonance with a capacitance Cl » using very small
input current, and then the magnetic material in the core is saturated
by a strong permanent magnet and the value of capacitance (CZ) needed
to restore resonance is noted, the difference inductance value can be
calculated.

1 1 1
AL = L, -L =———(——--——) (3)
1 2 (zﬂf)z C, C,

Since Q = wL/R and the inductance varies with the level of the input,
R must be determined accurately. It was determined that a good method
of obtaining R would be to use the impedance equation

2 2, 2
2" = R"+ X[ (4)

where the impedance, Z, could be obtained from Thevenin's equivalent
for the secondary circuit:

Z-= (5)

E
I
Here E is the open circuit voltage of the secondary, and I is the current

through the secondary windings with the circuit shorted. Since X, is
known from the wL, measured previously,

R=+4Z -X (6)

Data were obtained for parametrons in which a progressively smaller
number of wraps of material, down to one wrap, were used. All of the
data obtained for these parametrons under operating conditions resulted
in a Q of approximately one (Q & 1). Information was obtained from
some commercial thin-film parametron elements having capacitors
encapsulated so that tuning should not be necessary up to a frequency of
20 Mc; however, capacitance was added and the elements were tuned at
2.0 Mc so that all the data would be at the same frequency. This also
resulted in a Q & ). With this low value, equation (2) would not be
expected to apply.



HIGH TEMPERATURE POLYMER PROGRAM

SYNTHETIC STUDIES

by
D. L. Herring and C. M. Douglas

The study of the intermediates formed from the reaction of
(C¢Hg),PCl3 with NH3 has been con tinued during the present reporting
period. The reaction of (C¢Hg),PC 13 with NH3 in CHCIl3 solution, which
is described by the equation

N
PR

(C6H5)ZPC13 + NH (C6H5)ZP—-N =P(C6H5)2 Cl + oil

3
(1)

gave a 40-65% yield of the dimer (I) plus a 15-30% yield of an unidentified
viscous oil. The infrared spectrum and molecular weight of the oil sug-
gested that the material was
Il\IIH2 l\llH2
(C6H5)2P——N = P(C6H$)2
(Ir)

Hydrolysis of samples of the oil gawve

(C6H5)ZP(O)NI—IP(O) (C6H5)Z

(IXI)

Pyrolysis of the oil at 220-225°C unider vacuum gave [(C¢Hg),PN];,
compound (IV), in 16% yield (by wei ght), plus NHj3 and an unidentified
residue. This result can be interpxeted as further evidence that struc-
ture (II) is valid for the oil. Howewver, since the elemental analysis did
not confirm the proposed structure, the identity of the material was not
established.

In a related experiment, (I) wa s heated with (C¢Hg),PCl in an evacu-
ated ampoule at 165-175°C for 72 hours. During the course of the



reaction, a rearrangement of (I) took place, giving NH4Cl and a high
yvield of [(C4Hg),PN];, together with a quantitative yield of (C¢Hg),P(O)OH
(based on (C¢Hsg)>PCl). Since it has been shown! that pyrolysis of (I) at
275-280°C yielded a product mixture composed of 85% [(C(Hg),PN],
compound (V), and 10% [(C¢Hg),PN]3, the (CiHg),PCl in the above reac-
tion apparently diverted the normal course of the reaction by catalyzing
the cleavage of [P—N] bonds in compound (I).
N .
12 e
(C6H5)ZP—N= P(C()HS)2 Cl+ (C6H5)2PC1———*

(1)
NH NH
I | 2

(C6H5)ZP——N==P(C H.), + (C,H_),PCl + HCl

652 652

NH NH NH NH

2 2
u | el || |
(C6H5)ZP_N= p(chS)Z —t (C6H5)2P—Cl + (C6H5)ZP= NH (2)

NH NH NH
2
n I | el
(CeH5),P—Cl + (CHy),P—N=P(C H,),
[ NH, NH NH,
I | I -NH,
(CgHg),P==NH| + (C H,),P—N=P(C H,), (3)
NH C.H NH
65 2
| I I -NH

3
(C6H5)2P——N= P——N=P(C6Hs)2 [(C6H5)ZPN]3

CeHg

This series of reactions describes a possible route to the formation of
[(C¢Hg)PN]; instead of the usual pyrolysis product, [(C¢Hg),PN],.

lC. P. Haber, D. L. Herring, and E. A. Lawton, J. Am. Chem.
Soc., Vol. 80, p. 2116 (1958).




In the part of the investigation concerned with the formation of
heterosubstituted cyclic compounds, it was initially postulated that (I)
would react with the three classes of pentavalent phosphorus halides
according to the following equations:

Compound (I) + RZF’CI3 HCI1 + (RZPN)3 (4)
Compound (I) + PCl5 HCL1 + R4C12P3N3 (5)
Compound (I) + RPC14 HCI1 + R5C1P3N3 (6)

to yield the corresponding cyclic trimer together with higher polymers.
The preparation of [(C¢Hg),PN]; and (C¢Hg)4Cl,P3N; by the above
method has been described.%:3  "When (I) reacted with CgHgPCly under
vacuum over the range 140-145°C, about 75% of the amount of HC1 was
evolved that would be expected from the reaction

NH NH
I 2 | 2

(CbHS)ZP_N=p(C6H5)Z Cl + C6H5PC14

4HC1 + [(C H,).CIP,N,]_

The reaction product appeared to contain a polymeric material, which
analyzed approximately for [(C¢Hg)5C1P3N;3],, together with some
[(C6H5)2PN]4.

In a more informative experiment, C¢HgPCly and (I) were allowed
to react at 75-80°C. The temperature was held at 75-80°C until one
equivalent of HC1 had been evolved, then increased to 135-140°C. Over
the range of 135-140°C, a second equivalent of HCl was evolved during
a 3-hour period. From the product mixture, by the process of fractional
recrystallization from ligroine, the new compound (VI), (C¢Hg)gCl,P4Ny
(m.p. 192-193°C), was isolated. Since the synthesis of (VI) was not
entirely unambiguous, it is not presently known whether the structure
is that of (VIa) or (VIb).

2NAVWEPS Report 7237, Quarterly Report: Foundational Research
Projects, July-September 1962, p. 39 (December 1962).

3NAVWEPS Report 8141, Quarterly Report: Foundational Research

Projects, October-December 1962, p. 21 (March 1963).
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H,C, /C6H5 H,C,  C.H,
N/
P—N .y P—N .o
V4 \ 7675 /J \ Wl
N P N P
HC, | | N el HC, | |\l
P N 713 N
H_C d // Cl \\ //
5°6  N——P—CH, N——P—C H,
| |
Cl CH,
(Via) (VIb)

One may speculate that the course of the reaction leading to the forma-
tion of (VIa) was

N N
||HZ |H"'

(C6H5)2P——N=P(C6H5)2 Cl+2C HSPCI4

6

19}

C6H$T’C13 C6H51|TC12,
N N

n NH

(VIa)

(C H,), P—N==—=P(CH

6752 52
To explain the formation of (VIb) would require a mechanism involving
the low-temperature cleavage of (I). Under the conditions of the experi-
ment, such a reaction is considered unlikely.

Compound (VII), (C6H5)6C12P4N4, with a melting point at 153-155°C,
was also isolated from the above reaction by fractional recrystallization
from ligroine. On the basis of the infrared spectra, (VII) was an isomer
of (VI).

EXPERIMENTAL

Hydrolysis and Pyrolysis of the Intermedijate Oil

The infrared spectra of (C¢Hg),PCly, which was used in the prepa-
ration of (I) and the oil, are shown in Figure 1. A 25-g sample of the
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crude oil obtained as a by-product from the reaction of (C¢Hg),PCl;
with ammonia was heated for 8 hours under vacuum at 120-125°C to
remove CHCl; and benzene. Then a 5-g sample of the material was
refluxed with concentrated HCI1 for 8 hours, yielding a white crystalline
precipitate which was removed by filtration. By the process of recrys-
tallization from C¢HgNO,, 1.5 g of (C¢Hg), P(O)NHP(O)(C¢Hg),, com-
pound (III) {m.p. 271-272°C), was isolated, The appearance and prop-
erties of the oily residue indicated that only partial hydrolysis had taken
place.

A second 5-g sample was heated under vacuum at 225-230°C for
8 hours. An unmeasured amount of NH3 was evolved during the heating
cycle. The resulting oily material was allowed to set undisturbed at
room temperature for 72 hours, during which time a crystalline material
formed in the oily mixture. Next, the mixture was extracted with 50 ml
of ether and the insoluble crystalline material removed by filtration.
Then, by the process of recrystallization from benzene, 1.3 g of
[(C¢Hg),PN]j(m.p. 228-230°C) was isolated. The oily residue appeared
to be starting material.

Reaction of Diphenylchlorophosphine with the Dimer (I)

A mixture of 1.4 g (0.0063 mole) of (C¢Hg),PCl and 2.9 g (0.0063
mole) of dimer was heated in an evacuated ampoule for 72 hours at
165-175°C. The crude product was extracted with boiling benzene in
the drybox to remove any unreacted (C¢Hg),PCl. The benzene-insoluble
material (1.6 g, m.p. 224-227°C) was dried and recrystallized from a
pyridine mixture (m.p. 232-233°C). The infrared spectra of this mate-
rial was identical with that of [(C(Hg),PN];.

Preparation of Trimeric Diphenyltetrachlorophosphonitrile

A mixture of 236 g (0.68 mole) of (PNC1,)3, 268 g (2.0 mole) of
anhydrous AlCl3, and 3000 ml of dry benzene was introduced into a 5-
liter flask fitted with a mechanical stirrer, reflux condenser, and
thermometer. The mixture was heated at reflux temperature for 70
hours in the drybox. It was then cooled, removed from the drybox,
poured into 2 liters of ice water, and stirred vigorously. The organic
layer was separated and dried over anhydrous sodium sulfate. After
filtration, the dried solution was treated with activated charcoal and
refiltered. The benzene was distilled from the mixture. About 30 g of
(PNCl,)3 was removed at 135-150°C/15 mm Hg. The 195-g residue was
recrystallized from ligroine (60-90°C boiling range) to yield 160 g of
white crystals melting over the range 71-86°C. Recrystallization from
absolute ethanol yielded white crystals melting at 92-93°C (lit.4 92.5°C).

4I-l. Bode and H. Bach, Ber, Vol. 75B, p. 215 (1942).



The use of absolute ethanol for the recrystallization of this compound
appears to be mandatory, inasmuch as attempts to dissolve the material
in ethanol that contained a very small amount of water resulted in the
formation of an oil. Over 60% of the product was unrecovered.

The infrared spectrum of (C¢Hg),Cl4P3Nj3 is presented in Figure 2.

Reaction of the Dimer with PClg in Acetonitrile
in the Presence of Triethylamine

In the drybox, 2.1 g (0.01 mole) of freshly sublimed PClg was dis-
solved in 75 cc acetonitrile which had previously been refluxed over and
distilled from P20s. This solution was introduced into a 3-necked,
250-ml, round-bottomed flask equipped with mechanical stirrer, dropping
funnel, and reflux condenser. Triethylamine (4.0 g, 0.04 mole) was
added to the acetonitrile solution, and a solution containing 4.5 g (0.0l
mole) of the dimer (I) in 100 cc of acetonitrile was added dropwise to
the vigorously stirred reaction mixture. Addition of the dimer was
complete in about 2 hours. Stirring was continued overnight, and the
reaction mixture was then refluxed for one hour. No insoluble products
were formed during the course of the reaction. The acetonitrile was
distilled under vacuum and the residue was extracted with boiling ben-
zene. From the benzene solution, 1.08 g (24%) of unreacted dimer was
recrystallized. The solvent was then removed under reduced pressure
and the residue extracted with ligroine (90-120°C boiling range). Even-
tually, 0.1350 g (2.6%) of the geminally substituted tetraphenyldichloro-
phosphonitrilic trimer was recovered (m.p. 142-143°C).

Calcd. for C24H_20C12N3P3: C, 56.1; H, 3.9; Cl, 13.8; N, 8.2; P, 18.1;
mol. wt. 513

Found: C, 56.2; H, 4.0; Cl1, 13.7; N, 8.3; P, 18.2;
mol. wt. (cryosocopically in benzene) 509

Reaction of the Dimer with CqHgPCly

A mixture of 10.2 g (0.023 mole) of the dimer (I) and 5.6 g (0.023
mole) of C(HgPCl, was loaded into a heavy wall glass ampoule in the
drybox, then heated on the vacuum line for 8 hours at 150-155°C. The
reaction was carried out as previously described. The product was
extracted with boiling benzene and the insoluble material removed by
filtration. The benzene solution, which was strongly acidic, was washed
with water until neutral, then dried over sodium sulfate and filtered.
Upon standing overnight, 2.1 g of material was precipitated. While the
infrared spectrum of this product was nearly identical with [(C6H5)ZPN]4.
the material melted over a wide range, 220-300°C. However, recrys-
tallization from pyridine yielded 2 g of [(CgHg),PN] 4 (m.p. 320°C),

13
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The remainder of the benzene-soluble portion was a low-melting oily
material from which no other identifiable products were isolated.

The benzene-insoluble fraction was repeatedly extracted with boil-
ing ligroine, and yielded a compound whose melting point (171-172°C)
and infrared spectra are identical with those reported for the compound

(IT szs (|:6H5 ‘"’
(CbHS)ZP-——N == IP——N=I|)--——NH—-- P(C6H5)2
CeHg  CyHg

The reaction between the dimer and C¢HgPCly was repeated under
exactly the same conditions as those outlined above. The benzene-
soluble portion of the reaction product was treated with diethylamine.
The diethylamine hydrochloride was removed by filtration and the ben-
zene evaporated under reduced pressure. The residue melted over the
range 50-70°C.

Calcd. for C30H25C1P3N3: C, 64.8; H, 4.5; P, 16.7; N, 7.5; Cl, 6.3
Found: C, 60.5; H, 4.9; P, 16.4; N, 7.3; Cl, 7.9

With the exception of 0.21 g of [(CgHg),PN]4, which was recovered from
the benzene-insoluble portion, no other identifiable products were iso-
lated from this reaction.

The dimer (10.2 g, 0.023 mole) and 5.2 g (0.021 mole) of C¢HgPCly
were heated in a heavy wall glass ampoule on the vacuum line. Evolution
of hydrogen chloride commenced at about 80°C (bath temperature). This
temperature was maintained for 5 hours, during which time one equiva-
lent of HC1 was collected. When the temperature of the oil bath was
gradually raised to 140°C, one additional equivalent of HC1 was evolved
over a period of 16 hours. The heating was discontinued and the ampoule
removed to the drybox, where the reaction mixture was dissolved in
500 ml of dry acetonitrile and 4.1 g (0.04 mole) of triethylamine was
added. The mixture was refluxed for 1.5 hours. A portion of the mate-
rial remained insoluble in refluxing acetonitrile. This compound was
recovered and identified as 1.4 g of [(C6H5)2PN]4 (m.p. 319-321°C).

The CH3CN was evaporated under reduced pressure and the residue
extracted with boiling benzene to remove Et3N.HCl. The solvent was
evaporated to dryness and the residue extracted with two 250-ml por-
tions of ligroine. A white solid (m.p. 150-160°C) crystallized upon

15
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concentration of the solvent. Recrystallization from ligroine yielded
0.5 g of a compound melting at 192-193°C. The infrared spectra are
shown in Figure 3.

Calcd. for C36H30P4N4C12: C, 60.7; H, 4.2; P, 17.4; N, 7.8; Cl, 9.9;
mol. wt, 713

Found: C, 60.7; H, 4.2; P, 17.4; N, 8.0; Cl, 9.7;
mol. wt. (cryosocopically in benzene) 695

Also recrystallized from the ligroine solution was a product that melted
at 153-155°C. 1Its infrared spectrum (Figure 4) is similar to the com-
pound mentioned above. On the basis of the infrared spectrum and an
elemental analysis, the product was identified as compound (VII), an
isomer of (VI).

Calcd. for C36H30P4N4C12: C, 60.7; H, 4.2; P, 17.4; N, 7.8; Cl, 9.9;
mol. wt. 713

Found: C, 60.9; H, 4.4; P, 17.4; N, 7.9; Cl, 9.7;
mol. wt. 685

Preparation of Phenyltetrachlorophosphorane

In the drybox, 84.0 g (0.47 mole) of phenyldichlorophosphine was
dissolved in 500 cc of dry carbon tetrachloride and introduced into a
1-liter stainless steel bomb. The bomb, with the valve attached, was
removed to the vacuum line and cooled with liquid nitrogen. Chlorine
(33.4 g, 0.47 mole) was gassed into the bomb, and the resulting mixture
was allowed to warm to room temperature.

The contents of the bomb was then emptied into a 1-liter flask in
the drybox. The solvent was evaporated under reduced pressure to
about one-half the original volume. The small amount (about 2 g) of
white, crystalline material which precipitated was filtered and dried in
vacuum (m.p. 75-76°C).

Calcd. for C(H5PCl4: C, 28.8; H, 2.0; P, 12.4; Cl, 56.8
Found: C, 28.6; H, 2.1; P, 12.3; Cl, 56.9
The remaining solution was evaporated tuv near dryness and the

precipitate recovered. The infrared spectra of C¢HgPCl, are presented
in Figure 5.
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POLYMERIZATION MECHANISM STUDIES
by
K. L. Paciorek and R. H. Kratzer

The study of the mechanism of phosphonitrile polymer formation
via the reaction of organophosphinous halide with a metal azide was con-
tinued. To determine the existence of diphenylphosphinous azide, the
reaction of diphenylphosphinous chloride with lithium azide in aceto-
nitrile (at ca. -15°C) was reinvestigated. The decomposition of the
reaction solution (filtered at ca. -20°C from the lithium salts) afforded
1.09 mole of nitrogen for each mole of phosphorus present in the filtrate.
This value indicates that all the phosphorus present prior to the decom-
position is in the form of diphenylphosphinous azide or its association
product. Interestingly, 92% of the nitrogen was given off at room tem-
perature, and the remainder only after heating at 90°C with triphenyl-
phosphine. Later work has shown that this additional nitrogen is given
off on heating above 100°C, even in the absence of triphenylphosphine.
The analysis of the decomposition products showed the presence of
chloride and azide ions. Since the combined molal quantity of these ions
is equal to the moles of lithium, it is apparent that they were derived
from lithium salts dissolved in the acetonitrile. This evidence confirms
the absence of diphenylphosphinous chloride and shows that the reaction
of diphenylphosphinous chloride and lithium azide proceeds to completion
under the conditions selected.

To establish whether diphenylphosphinous azide existed in the form
of a monomer ¢$PNj3 or as an associated moiety of a form such as shown
by (I), the molecular weight was determined in butane by the technique
of vapor pressure lowering.

+ -
¢,P—N=N—N=P—N=N=N

& —mg—o

(1)

For the molecular weight determination and the elemental analysis,
diphenylphosphinous azide was purified by recrystallization from pentane
at -78°C; accordingly, this sample was completely free from lithium
salts. The molecular weight found by this procedure was 278 (theoretical
227), which points to some association. The pure diphenylphosphinous
azide, in the absence of solvent, decomposed sharply at 13.6-13.8°C
and became bright yellow. At ca, 100°C additional nitrogen was evolved
and the material turned white. The infrared spectrum of the decomposi-
tion product was typical of a phosphonitrilic system; the presence of



trimer was evident; and no absorption due to an azido moiety was
observed.

To elucidate the type of products obtained from the room-temperature

decomposition of diphenylphosphinous azide in acetonitrile, a larger-
scale experiment was devised. The products were separated into aceto-
nitrile-soluble and insoluble materials. Diphenylphosphonitrilic trimer
(total yield, 25%) constituted the bulk of the insoluble fraction; the aceto-
nitrile solubles (mol. wt., 1560) formed 57% of the total product. A
small part of this substance (handled only in nitrogen atmosphere) was

heated at 158°C for 2 hours and yielded 0.000286 mole of nitrogen. Based

on the molecular weight of 1560, 0.000279 mole of the polymer was used.
These values tend to indicate that the chains were azide terminated.
After the heat treatment the molecular weight increased to 1950.

Attempts to purify another part of this substance by recrystalliza-
tion from several solvents (outside the drybox) were unsuccessful. The
material was soluble in benzene, except for 3.0% of the residue, which
was shown to be a mixture of lithium chloride and lithium azide. The
benzene-soluble fraction was subsequently treated with acetonitrile and
ligroine. The product thus obtained had a molecular weight of 1450.

The amount of nitrogen evolved at 185°C corresponded to only one-third
of azido-terminated chains. The analytical figures agree relatively well
with an assumption that the other two-thirds of the chains were oxygen
terminated.

In addition to diphenylphosphonitrilic trimer, the acetonitrile-
insoluble portion consisted of higher molecular weight material (above
2156), the elemental analysis of which was almost identical with that of
the acetonitrile-soluble fraction.

It is noteworthy that the infrared spectra of the acetonitrile-soluble
and insoluble portions (after removal of diphenylphosphonitrilic trimer)
are almost identical, both exhibiting a weak band at 4.7+, most likely
due to an azido moiety. Consequently, based mainly on the investigation
of the acetonitrile-soluble portion, it can be safely deduced that the
decomposition of diphenylphosphinous azide in a solvent such as aceto-
nitrile in the absence of a chain-terminating agent yields at least 50%
of azido-terminated polymers.

In a previous report5 the decomposition of diphenylphosphinous
azide in the presence of triphenylphosphine was described; however, the
product was not examined adequately at that time. Subsequently,
unreacted triphenylphosphine was removed from the phosphonitrilates.

5NAVWEPS Report 7237, Quarterly Report: Foundational Research
Projects, July-September 1962, p. 49 (December 1962).
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If the chains are assumed to be triphenylphosphine terminated, the
quantity of combined triphenylphosphine corresponded to a molecular
weight of 972; the molecular weight determined directly on the polymer
wag 785, The discrepancy in the molecular weights could be due to the
presence of some ¢,PN material admixed with the recovered triphenyl-
phosphine. The elemental analysis agrees fairly well with the compound
of a structure ¢$;P—N=P¢,—N==Pd,—N=P¢3 (mol. wt. 860).

The model system program that had been initiated previously was
continued, Reaction of the azide (II) with triphenylphosphine afforded
the compound (III) in good yield.

0O O
¢2p——(N= P¢2)3N3 + ¢3P——-—¢ZP—(N== P¢2)44>
(11) (I11)

Also, from the chloride (IV) the phenoxy derivative (V) was obtained on
treatment with sodium phenoxide,

O 0]

i ¢OH + Na

I
¢,P—(N="P¢,) ,C ¢,P—(N=P¢,) 00

(1v) (V)

SPECTRAL INVESTIGATIONS

In several articles concerning phosphonitriles,6o7'8 absorptions in
the 7.4- to 8.3-p region have been ascribed to vibrations associated with
— P == N— systems. The published data pertain mainly to cyclic com-
pounds. The results of infrared spectral examinations of the compounds
prepared for the model system program are compiled in Table 1, and
the ultraviolet data are shown in Table 2.

It is clear from the tabulated values that the infrared absorptions
of the — P= N— moiety in the linear phosphonitrilic derivatives are
well within the limits found for the cyclic compounds. The weak absorp-
tion exhibited by compound (VII) at 7.50 and 7.62 s suggests that the

6L. W. Daasch and D, C. Smith, Anal. Chem., Vol. 23, p. 853 (1951),

7I... W. Daasch, J. Am. Chem, Soc., Vol. 76, p. 3403 (1954).

8L. G. Lund, N. L. Paddock, J. E. Proctor, and H, T, Searle,
J. Chem. Soc., p. 2542 (1960).




TABLE 1. Infrared Absorption Spectra of Phosphonitrilic

Derivatives and Related Compounds in the

7.4- to 9,0-p and 10- to 11-p Regions

Compom’xnd Infrared Bands®
Formula Number
¢2POOH \'A! 7.65 w 8.86 s
8.40 s 8.94 s
8,50 s 10.42 vs
8.68 w
(o) 0
I I 7.50 w 8.90 s
¢2P—‘NH—P¢2 VII 7.62 w 9.00 s
8.42 m 10.80 m
o
I 7.70 vs
¢2P_N=P¢3 VIII 8.58 vs
9.00 s
o) o
I I - 7.60 vw 8.90 s
¢2P——N= Pq,z—-—NH——Pq;Z IX 8.15 s 10.80 vw
8.50 m
O o
I I 7.78 s 8.50 m
¢2P—(N—_— Pq>2)2NH—-P<p2 X 7.90 s 8.95 s
8.25 s 10.80 vw
o)
I 7.50 vw 8.40 s
¢ZP———(N= P¢Z)3C1 v 8.00 s 8.52 s
8.25 s 8.92 s
O
I 7.78 s 8.50 m
¢ZP—(N= P¢Z)4¢ I 7.95 s 8.72 m
8.15 s 8.97 s

a ,
Code: w = weak; m = medium; s = strong; vs

vw = very weak.

= very strong;
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TABLE 2, Ultraviolet Absorption Spectra of Phosphonitrilic

Derivatives and Related Compounds for Wavelengths
at Which Maxima Occurred

Compound Maxima for wavelengths
indicated {in mp)
Formula Number 247 260 266 273
$,POOH* VI 956 1142 1392 1179
O o)
I I
¢2P——NH—-—P¢Z Vil 1982 2479 1982
o)
I
¢ZP—N= P¢3 VIII 2370 2140 1850
(o) o
| [
¢,P—N=P¢, —NH—Py, IX 2820 2996 2239
o o
I | .
¢ZP—(N=-_ Pq;Z)ZNH—Pq,Z X 4362 4117 2597
o
[ ) 6
$,P—(N=Pg,) ¢ 111 337 3885
(¢,PN), © XI 1239 769

%This and other spectra in ethanol.

bIn acetonitrile,

cIn hexane.



TABLE 2. Ultraviolet Absorption Spectra of Phosphonitrilic

Derivative: and Related Compounds for Wavelengths
at Which Maxima Occurred

Compound Maxima for wavelengths
indicated (in mp)
Formula Number 247 260 266 273
¢,POOH * VI 956 1142 1392 1179
(o) o
[ |
¢,P—NH—Pg¢, viI 1982 2479 1982
O
|
¢$,P—N= Py, VIII 2370 2140 1850
o) (o)
|| [ |
¢2P—N= PcpZ—NH—P(pZ IX 2820 2996 2239
(o) o)
[ . ,
¢2P—(N= Pq;Z)ZNH——Pq,2 X 4362 4117 259
o
u )
¢2P—(N= P¢2)4¢ III 6337 3885
(¢,PN), ¢ XI 1239 769

a'This and other spectra in ethanol.
b .
In acetonitrile,

cIn hexane.
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o o)
material exists predcminantly as ¢,P—NH—P¢, and not as a
o OH
¢P—N=DP¢, arrangement. This is further confirmed by the presence

of a medium band at 10,80, which is indicative of ~—P-—NH-—P —
linkage.9 Similar reasoning can be applied to compounds (IX) and (X).

Ultraviolet electronic spectra of cyclic phosphonitriles have been
discussed by several authors,8,10,11,12,13 The maxima for (PNXZ)n
rings are found at very short wave lengths, their positions varying with
the halogen substituent, On this basis Lund et al.8 assigned them tenta-
tively to an excitation of the unshared electrons on the exocyclic halogens,
This theory was supported by Lakatos et al, 14

According to Dewar et al,12 the m-electrons of the phosphonitrilic
system are localized in definite three-center w-bonds. This is an
entirely different situation from that holding in organic aromatic systems
where no transformation into localized equivalent orbitals is possible.
Craig and Paddock]}5 in their consideration of the aromaticity of phos-
phonitriles,emphasize the participation of d-orbitals in w-bonds, though
neither the three-center "islands" of conjugation around the ring nor
the cyclic configuration have been positively established,

The maxima observed for the phenyl-substituted phosphonitrilic
derivatives (see Table 2) cannot be attributed to a conjugated — P = N—
system, since with chain lengthening the absorption should shift toward
the visible region, and the increase in Zmax. should be much more
pronounced. Thus these absorptions are most likely due to vibrational
components of the electronic spectrum of phosphorus-substituted benzenes.
It is noteworthy that the spectral pattern of diphenylphosphinic acid tends
to confirm this hypothesis,

9E. Steger, Chem. Ber., Vol. 94, p. 266 (1961).

lOH. J. Krause, Z, Elektrochem,, Vol. 59, p. 1004 (1955),
“R. A, Shaw and F, B, G. Wells, Chem, &Ind,, p. 1189 (1960).
12

M. J. S, Dewar, E. A. C. Lucken, and M. A. Whitehead, J. Chem,
Soc., p. 2423 (1960),

13R. Foster, L, Mayor, P. Warsop, and A, D, Walsh, Chem. & Ind,,

p. 1445 (1960),

l4B. Lakatos, A, Hess, S. Holly, and S. Horvath, Naturwiss,,

Vol. 49, p. 493 (1962).
15D. P, Craig and N, L, Paddock, J. Chem, Soc., p. 4118 (1962),
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EXPERIMENTAL

All experiments were carried out in an inert atmosphere, unless
otherwise specified, Reagent-grade solvents and chemicals were used.
Acetonitrile was refluxed over and distilled from phosphorus pentoxide,
The molecular weights were determined in benzene by employing a
Mechrolab vapor pressure osmometer,

Reaction of ¢2PC1 with LiN3 in Acetonitrile

Three sets of experiments were conducted to study the reaction of
diphenylphosphinous chloride with lithium azide in acetonitrile. In each
instance an excess of lithium azide was employed.

(1) The apparatus employed for the first experiment consisted of
a 150-ml, 3-necked, round-bottomed flask, One of the necks served as
connection to the vacuum line via an adapter; the second one was closed
by a device for slow addition of solid dry lithium azide; and the third
neck (bent horizontally) was equipped with a sintered glass disc and
attached to a second 150-ml flask via a silicone-greased ground joint.

Into the flask, which contained a Teflon-coated stirring bar, was
introduced freshly distilled diphenylphosphinous chloride (0.6699 g,
0.003036 mole); the system was then assembled and evacuated on the
vacuum line. Subsequently, acetonitrile (50 ml, v.p. at 0°C, 25.4 mm)
was distilled onto the diphenylphosphinous chloride at -78°C. Solution
of diphenylphosphinous chloride was effected by warming the contents
to room temperature, cooling the flask to -28°C, and slowly adding
lithium azide (0.3 g, 0.00612 mole) over a period of 30 minutes. Stirring
was continued for 11 hours, the solution being kept between -28 and
-22°C. After the entire system was removed from the vacuum line and
cooled to -25°C, filtration was accomplished by turning the system
through 90 degrees and cooling the second flask to liquid nitrogen tem-
perature. Dry nitrogen was admitted, and the flask containing the fil-
trate was removed from the rest of the apparatus and attached directly
to the vacuum system, where the solution was allowed to warm to room
temperature. The amount of nitrogen evolved was 2.3865 mmole. Sub-
sequently, triphenylphosphine (0.3543 g, 0.0013507 mole) was added and
the mixture heated at 82-92°C for 3 hours, An additional 0.1991 mmole
of nitrogen was formed, bringing to 2.5856 mmole the total amount of
nitrogen given off., The solid residue was analyzed for phosphorus and
3,7185 mmole was found. Since the amount obtained from triphenyl-
phosphorus was 1,3507 mmole, the total phosphorus derived from the
compound was 2,368 mmole. This gives the ratio of nitrogen to phos-
phorus formed in the thermal decomposition as 2.586:2.368 or 1.09:1,



(2) The apparatus employed for the second experiment consisted
of a 150-ml flask equipped with a horizontal sidearm with a sealed-in
sintered glass disc, and a ground joint which permitted the attachment
of another similar flask,

In the first flask, 1.24 g of finely powdered lithium azide was sus-
pended in 25 ml of acetonitrile. To this vigorously stirred mixture was
added diphenylphosphinous chloride (1.229 g) in 10 ml of acetonitrile
over a period of 45 minutes, A mercury valve protected the system
from the atmosphere. The stirring was continued for 7 hours at -18 to
-14°C, during which period no pressure change could be observed.
After the connection to the mercury valve was sealed, the system was
attached to the vacuum line and evacuated, and the acetonitrile was
removed completely at -18°C, Then 55 ml of n-pentane (v.p. at 0°C,
185,0 mm) was distilled onto the residue, the system warmed to -20°C
for 1 hour, and the solution filtered into the second 150-ml flask. There
the product, diphenylphosphinous azide, was crystallized from the solu-
tion by cooling to -78°C and the mother liquor was filtered off. The
solid, colorless residue left in the flask formed a clear, colorless solu-
tion at -20°C when 60 ml of fresh pentane (same purity as above) was
distilled onto it,

A 22,5-ml portion of this solution was filtered into a long-necked,
100-ml flask, the solvent removed completely, and the flask warmed
slowly from -15°C in a clear-sight Dewar vessel. The colorless solid
became slightly wet at 13.5°C, and between 13,6 and 13,8°C it changed
to deep yellow with a simultaneous gas evolution, {(The temperatures
were measured with a calibrated mercury thermometer,) After the
contents of the flask was heated for 2 hours to 170°C (during which treat-
ment the material remained solid), the pressure in the system had
increased 25% over the pressure measured before heating. The total
amount of nitrogen evolved was 0.62513 mmole, the identity of which
was checked by a mass spectra of the collected gas which showed only
the presence of masses 14, 28, and 29, Analysis of the residue, which
consisted of more than 100 mg of substance, gave the following composi-
tion:

Anal. Calcd, for (¢2PN)X: P, 15.55; N, 7,03

Found: P, 14.63; N, 6.89; C1-, 0.07; N;, <0.1

The analysis showed that no materials containing Cl~ or N3 were present,
and that the ratio of P:N in the material after heating was 1:1,042,

About a 3,2-ml portion of the same solution as that used for the
above analysis was transferred, by filtration at -20°C, into an apparatus
for determining molecular weights by vapor pressure lowering of a
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solvent, The n-pentane was removed completely from the solution at
-15°C, a measured amount of butane (v.p., at 0°C, 781.0 mm) was dis-
tilled onto it, and the pressure difference between solution and solvent
was measured at 0°C with a cathetometer on a mercury differential
manometer. From this value the presence of 0.05274 mmole of sub-
stance was calculated.

After removal of the solvent, the material was decomposed thermally
as described above; it yielded 0.06404 mmole of nitrogen, the purity of
which was checked by mass spectral analysis, The ratio of nitrogen
evolved to mmole substance present is therefore 6,404:5.274 or 1.214:1,
implying a molecular weight of 275.9 (calcd. for ¢,PN;, 227.21).

(3) The apparatus used for this experiment was the same as that
described for the previous experiment, the only difference being that
the sidearm was connected directly to a mercury valve, not to another
flask. To the stirred acetoniirile solution (50 ml) containing lithium
azide (4.0 g, 0.0817 mole) was added diphenylphosphinous chloride (7.374 g
0.05342 mole) in acetonitrile (20 ml) at -20°C over a period of 45 minutes.
Subsequently the mixture was stirred for 9 hours at -20 to -15°C, During
this time the solution turned slightly yellow, indicating slight decomposi-
tion. At the conclusion of the reaction the outlet, which was previously
connected to the mercury valve, was attached to a 200-ml, round-
bottomed flask containing a magnetic stirring bar. The system was then
cooled in dry ice and evacuated. The contents of the reaction flask was
warmed to -20°C and filtration via the sintered glass disc was accom-
plished by applying a slight nitrogen pressure. The flask containing the
filtrate was then attached to the mercury valve and stirred initially at
0°C (for ca. 2 hours), then overnight at room temperature. During that
time the stirring stopped because of the formed precipitate, The ace-
tonitrile-insoluble material, 1.752 g, was filtered off in the drybox. A
1.164-g portion of this material was continuously extracted with ligroine
(b.p. 65-75°C), by means of a Soxhlet extractor, for 6 days, and 0,560 g
of trimer was obtained. Thus the total amount of trimer in the insoluble
portion was 0.843 g. Only a small part (0.083 g) of the residue left in
the Soxhlet container was benzene soluble; the molecular weight of this
portion was 2156,

Anal, Found: C, 70.64; H, 5.83; Cl, 0; N, 7.35; P, 14,27

The acetonitrile filtrate, on removal of acetonitrile (on the vacuum
line), yielded 2,313 g of yellow residue (mol, wt., 1560). This material
exhibited an absorption at 4,7 indicative of azido moiety, A 0.4358-g
portion of the material was heated in vacuo for 2 hours at 158°C, and
0.000286 mmole of nitrogen was obtained. The molecular weight of the
heat-treated substance was 1950, When the bulk of the material (1,520 g)
was removed from the drybox and dissolved in benzene (25 ml), only
0.047 g failed to dissolve. This portion was shown to consist of lithium



azide and lithium chloride. Benzene was then removed from the filtrate
and the precipitate was treated with ca. 10 ml of acetonitrile; 0.3256 g
of precipitate resulted. This material was then continuously extracted
with ligroine (b, p. 65-75°C) over a period of 14 days, yielding 0.127 g
of pihosphonitrilic trimer. Thus the total amount of trimer obtained was
1,033 g, or 25% of reaction products,

A 0.422-g portion of the acetonitrile-soluble fraction was boiled
repeatedly with ligroine, but the material appeared to be completely
ligroine-insoluble,

Anal, Found: C, 71.0; H, 5.09; P, 14.55; N, 7.51; O, 1.0; mol. wt. 1450

The ligroine-treated sample (0.1457 g, 0.0001 mole), after being
heated under vacuum at 185°C for 3 hours, gave 0.00003053 mole of
nitrogen, Addition of triphenylphosphine followed by 48 hours of heating
at 90°C failed to afford more nitrogen. Since only one-third of the chains
appeared to be azide terminated (after removal of the sample from the
drybox), it seemed likely that this was due to hydrolysis of the other
two-thirds of the sample.

N3
Anal, Calcd. for a mixture of 1/3 ¢,P—(N=P¢,)g—N= L"’Z
0]
and 2/3 ¢2P—(N=P¢Z)5-—NH1"3¢Z: C, 71.82; H, 5.07; N, 6.87;
P, 15.43; O, 0.8

Treatment of ¢2PN3 with ¢3P

Into a 3-necked flask equipped with a magnetic stirrer, reflux con-
denser, gas inlet, and a solid addition device were introduced aceto-
nitrile (25 ml) and diphenylphosphinous chloride (1.843 g, 0,00836 mole).
To the stirred solution of diphenylphosphinous chloride in acetonitrile,
which had been cooled to -25°C, was added finely ground lithium azide
(0.6 g, 0.0123 mole) over a period of 30 minutes, The mixture was
stirred for an additional 5% hours at -20 to -25°C, and then filtered
under nitrogen atmosphere through a thimble into an evacuated flask
into which were previously introduced a magnetic stirring bar and a
solution of triphenylphosphine (3.2 g, 0.0122 mole) in acetonitrile (40 ml),
The temperature of the triphenylphosphine solution was about -25°C,
whereas the diphenylphosphinous azide solution prior to filtration was
-35 to -40°C. Combination of the two solutions resulted in yellow dis-
coloration and precipitation of a white solid, Subsequently, nitrogen
was allowed into the system (to bring it to atmospheric pressure), the
outlet was connected to a mercury bubbler, and the solution was stirred
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at 0°C, The white precipitate, which was probably crystalline triphenyl-
phosphine, started to dissolve slowly, Stirring was continued overnight,
During this period all the solid dissolved and the solution was only
slightly discolored. The failure of the infrared spectrum to exhibit any
absorption in the vicinity of 4.6-4.8 p pointed to the absence of an azide
linkage. The presence of unreacted triphenylphosphine was also evident.

A 0.600-g sample of this material, heated in a sublimation apparatus
at 75-80°C for 24 hours, yielded 0,256 g of triphenylphosphine. The sub-
limation residue was then refluxed several times with ligroine, and the
ligroine filtrates afforded an additional 0.050 g of triphenylphosphine.
Thus the ratio of diphenylphosphinic nitride to triphenylphosphine com-
bined chemically (0.001029/0.0003393) is 3.2:1, giving a molecular weight
of 972, The ligroine-insoluble residue {m.p. 57-61°C) is believed to be
mainly (¢ZPN)3P¢3.

Anal. Calcd. for (¢2PN)3P¢3: C, 75.43; H, 5.29; P, 14,40; N, 4.89;
mol, wt. 860

Found: C, 73.06; H, 5.42; P, 14.08; N, 4.90;
mol, wt, 785

Preparation of Compound (IlI)

To 1.05 g (0.00125 mole) of the azide in benzene (20 ml) was added
triphenylphosphine (0.85 g, 0.00324 mole), and the resulting solution
was refluxed overnight, The solvent and excess triphenylphosphine were
removed by distillation and vacuum sublimation at 80°C., Crystallization
from acetonitrile-ethanol of the residue that remained after sublimation
of the reaction mixture gave compound (III) (m.p. 157-160°C).

Anal, Calcd. for C66H55P5N40: C, 73.72; H, 5.16; P, 14.41; N, 5,21;
O, 1.49; mol, wt. 1052

Found: C, 73.85; H, 5.36; P, 14.43; N, 5.39;
O, 1,42; mol. wt., 1075 {in chloroform
using Mechrolab oemometer)

Preparation of (V)

To xylene (30 ml) was added finely divided sodium (0.060 g, 0.00261
mole) followed by phenol (0.6 g, 0.00638 mole) and compound (IV) (2.10.g,
0.00252 mole)., After the mixture was refluxed overnight the precipitate
(sodium chloride) was filtered. The filtrate, after removal of solvent
and excess phenol by distillation and vacuum sublimation at 120°C,
yielded (V), which, after recrystallization from ether -heptane mixture,
melted at 65-70°C.



Anal. Calcd, for C54H45P4N302: C, 72.72; H, 5.09; P, 13.89; N, 4,71

Found: C, 71.67; H, 5.32; P, 13,23; N, 4,50

The infrared spectrum of (V) exhibited a band at 10.85 p which indicated
the presence of a phenoxy group attached to phosphorus.
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INFRARED ATOMIC SPECTRA

THE FIRST SPECTRUM OF XENON IN THE 4-MICRON
REGION AND ITS INTERPRETATION

by
C. J. Humphreys and E, Paul, Jr.

The material included here may be regarded as an extension of the
corresponding section of the preceding quarterly issue of this report.l
It is intended to supplement the previous discussion by considering the
spectrum of xenon in the 4-micron region, which, although observed as
of the earlier date, required further study for interpretation. For the
essential features of the interpretation, the authors are greatly indebted
to Robert D. Cowan of the University of California, Los Alamos Scien-
tific Laboratory. Both this and the preceding report are to be regarded
as preliminary to more detailed and rigorous treatment of the material,
A tentative plan has been worked out between Dr, Cowan, Dr, Kenneth
L. Andrew of Purdue University, and the senior author 