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Summary

The possibility of using co-ordination compounds as
sensitizers of percussion cap compositions has been
investigated. Fairly promising results have been obtained
which are regarded as an indication that there is scope for
much further work on similar lines.

3

No recommendations are made for Service use of the
compositions described. :

.
R




DISTRIBUTION LIST

External
Nos.1 - 36 Ministry of Supply (TPA3/TIB (Thames Hcuse South))
’ for distribution to Dominions, U.S.A., and for
records, “
37 - 38 C.S./E.R.D.E. |
39 D.W.R.(D)
Internal -
40 S.3.A.R. *j
“ L1 S.A.E.
p L2 Mr. Bessent *
43 Mr. Williams )
Ly Dr, Bean “
45 -62 Stock - iﬁ
-
1
Further copies of this Report can be obtained from ;5
the Departmental Information Officer, Armament Research Gﬁ
Establishment, Fort Halstead, Sevenoaks, Kent. -
. % *

A%y




B o

More Detailed Summary J

(a) It has been found that the following mixture, provisionally
called mixture 300 (b) gives very sensitive caps and has certain
noteworthy properties:

Mixture 300 (b)

Potassium chlorate (120 - 170 BSS) 50%
Antimony sulphide (grist as for Q3 mixture)35/k
Dipyridinoethylenediamino cupric

perchlorate {passing 120 BSS) 105
Tetrazene 5%

In .303 inch S.A. caps this mixture is 1.7 times as powerful as
the present Service S.A.A. fulminate composition, is on the average,
over a complete range of critical and unfavourable assemblies, abcut
5 inches/t 1b. more sensitive than the Service mixture; unlike any other
composition known, is little affected by dimensional changes in the anvil
assembly., Although more sensitive in the pressed state than the Service
mixture, when loose the composition is relatively very insensitive to *
impact and friction. Under hot dry storage conditions the stability is
grcater than that of the Service fulminate mixture but there are doubts
as to its stability under hot moist conditions (see para.4.3.2.5) =
although no loss in sensitivity has been found. Owing to this fact the
composition is not recommended for Service.

Sensitivity and gun trials (the latter by C.S.A.R., Swynnerton) have
21lso been done on 20 mm. caps filled mixturc 300 (b).

(b) A new class of copper co-ordination compounds is described in which
a polynitrophenol is linked by co-ordination to a divalent copper atom
thus producing (in conjunction with neutral co-ordinating groups) a non-
ionized complex. Among this class of bodies dipyridinodipicrato copper
has been found to possess useful sensitizing properties for chlorate
mixtures and a mixture ("Pypicu 10") has been developed, which in un-
favourable assemblies is more sensitive than the present Service mixture:

Mixture "Pypicu 10"

Dipyridinodipicrato copper 1GL
Potassium chlorate (grist as for 4.1 mixt.) 5%
Antimony sulphide (grist as for Q3 mixt.) 3675

Although not as sensitive as mixture 300 (b) this mixture has the
advantage that it does not contain tetrazene.

It has not been possible on account of other work to carry
investigations on this mixture to completion.

(c) Some new thioureo cuprous complexes have been'prepared and promising
preliminary results have been obtained with mixtures containing both
dipyridinodipicrato coppcr and dithioureo cuprous picrate.,




(d) Attempts have been made to prepare for use in cap compositions
‘complex azides with co-ordinatiwvely linked azide groups resistant to
hydrolysis under moist conditions.

(e) Attempts have been made to develop "rustless" cap compositions
containing chlorate by making use of lead hypophosphite as a fiuel and
reducing the percentage of chlorate to 10 per cent., but obtaining
compensation for the reduced weight of chlorate by increasing the total
surface of this ingredient present by fine grinding. No compositions
sufficiently sensitive to be of practical use have been found but further
work in this direction might yicld useful results.

(f) It has become obvious that there is a wide field for further

investigation into the application of co-ordination complexes to cap
compositions and also possibly to pyrotechnics,
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1.0 Intgggggzigg

The present report is an account of work done in the period
1945-1947 on the application of complex co-ordination compounds as
sensitizers of percussion cap compositions.

On account of pressure of other work, further work on the lines
described has had to be put into abeyance, so the present report is an
interim one describing what has already been done and indicating some
possibilities of future work. It has not been possible to explore in
detail the sensitizing properties of all the compounds described but
three mixtures in particular have shown promise and their behaviour in
caps has been investigated in some detail although there remain several
points requirin; further elueidation.

2.0 Properties desirable in a cap eomposition, Rustlessness. Summary of
present position

The chief desiderata in a cap composition, in addition to sensitivity
and stability are - virtual smokelessness, power, ignitory ability,
freedom of the finished caps from liability to explode en masse, good
mixing properties (absence of tendency to segregate), absence of muzzle-
flash promoting properties and safety in handling, The most difficult of
these requirements to fulfil is sensitivity and thus the achievement of
adequate sensitivity must be the primgry point of attack on the problem
even if some of the other desirable qualities have to be foregone.

Rustlessness (that is absence of any tendency of the products of
explosion to cause rusting of the barrel) is, other things being equal,
also desirable, but experience has shown that the development of & non-
rusting mixture is an altogether morc difficult problem than that of
producing a rusting one. The reason for this is that rasting properties
are entirely controlled by thc presence or absence of halogen and in general
mixtures containing potassium chlorate are very much more sensitive and
powerful than those without it, due presumably to the fact that the reaction
2KC103 = 2KCl + 30, is slightly exothermic. The difficulty lies in finding
an oxidising agent in place of chlorate which is free from halogen, non-
hygroscopic, stable,yet not too reluctant to yield up its oxygen on heating
and, moreover, containing a fairly high proportion of available oxygen.
In practice the choice narrows down to potassium and barium nitrates
(or a double salt of these two) in ncither of which is the yielding up of
oxygen sufficiently facile for them to give sensitive and powerful mixtures
without the aid of relatively large proportions of powerful quick burning
and flash sensitive agents such as lead styphnate. Lead styphnate,
unfortunately, makes the finished caps linble to explode en-masse, while
borium nitrate promotes ruzzle flash in certain guns.,

When this work was started rustlessness was not a Service requirement,
indeed the fulminate mixtures which had been used in S.A. caps since their
introduction over 2 hundred ycars ago were all of the rusting type and all
the mixtures described in this report are also of the rusting type. - Quite
recently, however, the Ordnance Board (Proc.No.34036) after trials with
VH2 rustless caps, laid down rustlessness as an additional requirement; -in
view of this decision none of the work described in this Report has any
immediate Service application.



As far as can be seen at present there are only two general types
of possible rustless mixtures, (a) those based on the German Sinoxyd
patents, e.g. VH2 and D.I.L. mixtures and (b) those based on dinitro-
diazophenol (D.D.N.P.).

Type (a) contains lead styphnate, tetrazene, barium nitrate, calcium
silicide, lead peroxide (with or without a small amount of antimony
sulphide to give extra sensitivity). Type (b) is similar except that the
lead styphnate is replaced by a smaller amount of D,D.N.P. and ground
glass is of'ten added to enhance the sensitivity.

The great disadvantage of mixturs of type (a) is that the presence
of lead styphnate (which is exceedingly sensitive to flash) makes the loose
filled caps liable to explode en masse when a paper disc is used as a closure.
If tinfoil is used in place of paper the liability to mass explosion is
reduced but the sensitivity is reduced as well - a sacrifice which can ill
be afforded as there arec no great rescrves of sensitivity in hand. JERE
appears in fact as if the very property of lead styphnate which makes it
useful (i.e. its flash receptivity) is the property which also makes it
dangerous.

The disadvantage of the rustless D.D.N.P. mixtures lies in the
dubious stability of D.D.N.P.; it is decomposed by light and catalytically
by contact with copper and certain samples appear to contain an impurity
which so reduces the stability that gross decomposition has been observed
in 12 hours at 120°F. and 95 per cent. R.H.

Now although most of the co-ordination complexes described in this
report are neither sensitive nor powerful enough to form useful mixtures
in the absence of chlorate it is quite possible that further work on the
same lines might reveal a co-ordination complex with the desired properties.
Stable complex azides appear to be the most promising linc of approach
(see para.6.2, also para.lk.l).

3.0 The application of co-ordination complexes to cap compositions

3.1  General considerations. Complexes containing oxidizing
and fuel functions

In spite of the large amount of labour which has been expended in
the search for improved cap compositions, not only in this country but
abroad (in Germany in particular), the secarch still has to be conducted
along largely empiricel lines owing to lack of knowledge of the fundamcntals
involved and to the complexity of the problerm. It has been possible,
however, in the last few years to obtain some insight into the problem and
to discern some general principles.

Of these one of the most important is that the inherent friction or
impact sensitivity of the substance added as a sensitizer to a mixture of
oxidizing agent and fuel has little relation to the sensitivity it confers
on the mixture. It is truc that some of the best sensitizers are in
themsclves very sensitive, mercury fulminate for example, but this inherent
sensitivity is incidental and probably only indirectly related to the
sensitizing ability. The lack of correlation between sensitivity and
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sensitizing power is illustrated by results which were reported in
4A.R.D. Expl. Report 373/43 on the sensitization of mixtures of potassium
chlorate and antimony sulphide by the addition of various third
components; it was found, for example, that lead azide, in spite of
its high sensitivity particularly to grit friction has very little
sensitizing power - less indeed than tetryl and very much less than
PLTN, It is not in fact necessary for the sensitizer to be an
explosive at all and it was found that elementary sulphur in certain
optimum proportions (6 per cent.) produced slightly greater sensitization
than mercury fulminate and, apart from tetrazene, was the most powerful
sensitizer of chlorate mixtures encountered. 4

In addition to elementary sulphur, certain non-explosive compounds
containing divalent sulphur, such as lead and cuprous thiocyanates are
moderately good scnsitizers; both in fact have been so used in American
Scrvice compositions. The disadvantage, however, of using non-explosive
sensitizers is that the mixturcs tend to "fizzle" when used in caps of
small charge weight or in conjunction with small pointed anvils, This
foct precludes their use in small arms caps although they are perfectly
satisfactory in primer caps, which have a large charge weight rclative to
the amount of venting and also large hcmispherical anvils, It thetnormol
amount of venting is increascd caps of this typc also '"fizzle" in primers,

The tendency to "fizzle" is really o manifestation of lack of vigour
of the composition and its reluctance to burn up rapidly to cxplosion
without the aid of suitable confinement and may be regarded as being duec
to the total scgregation in scparate particles of the mixturc of the
oxidizing ond fuel functions,

The earliest cxperiments described in this rcport arose out of
attempts to cxploit thc scnsitizing action of sulphur compounds and to
render it of usc in small arms caps; 1in an endeavour to improve on the
sensitizing action cf sulphur and to ovcrcome the difficulty of "fizzling"
the ultra-accelerstor tetramethyldithiuram disulphide (le N.CS.S.S.CS.NMCZ),
used as a source of active sulphur in the vulcanization o§ rubber, had been
tried but, although it was a powerful sensitizer, compositions containing
it "fizzled" in smcll arms cops. Attention was thcn turned to co-ordination
compounds containing both divalent sulphur and oxidizing groups in the sanme
moleculc, in thc hope of combining the bencficial sensitizing effects of
the sulphur with a certoin amount of intra-molecular fuel oxidation, which
it was thought, might reduce the tendency to "fizzling". What moy be
described as thce "anti-fizzling" rolc is usually playcd by substantial
proportions of initiators cr near initiactors, but the number of substaonces
suitable to £ill this role is somewhat lisited since it is found that
the addition of large proportions of non-sensitizing or weakly scnsitizing
initiators or near initiators in order to reduce the tendency to "fizzling"
often rcduces the sensitivity as well and there are other objections to
thosc (c.g. mercury fulninate, lead styphnate or D.D.N.P.) which do not
reducc thc sensitivity. Possiblc rcasons for this cffcct were discussed
in A.R.D. Expl. Repcrt 373/43.

Since the field of possible co-ordinntion compounds which can fairly
readily be moade is so lerge it appearcd to be of interest to extend the
work on sulphur ccrmpounds to other types, particularly when it was found
that the most efficient of the sulphur bodics were hardly stoble enough
tc be of practical use. The main types investigated were siuple




co-crdination complexes of oxy-ocids, chiefly perchlorates, and the
prinary objective was tc find such bodies, which when added to the

extent of about 10 per cent. to mixtures already sensitized by say
tetrazene, would have an "anti-fizzling" effecct. Dipyridinoethylene-
dicmino cupric perchlorate showed itself to possess this preperty to

a fairly marked extent and mixture 300 (b), whose properties are
described in para.4.3, was developed along these lines. The possibility,
however, was not ruled out that there might be a sulphur-free co-ordination
corplex of similar type which would function without the auxiliary
sensitizer; dipyridinodipicrato copper showed some pronlse of succsss

in this respect as described in para.6.3.2.

Co-ordination ccrplexes almost inevitably contain o large excess

of fuel in relation to the amount of available oxygen in their molecules
so are hardly to be described as initiators - at least they are rostly
very mild and their typical behaviour on ignition is to deflagrate gently.
Their inpact and friction sensitivity is low and local ignitions at the
point of impact generally do not propagate themselves throughout the naoss.
These remarks apply to the perchlorates, nitrates, picrates, etc. (The
chlorates are much more sensitive and more unstableg. The fuel-oxygen
unbalance is not disadvantageous because sufficient potassium chlorate
can be added to the composition to form a nearly balanced mixture, and
the volume of the gaseous products of combustion cf such a balanced
nixture is larger than with the standard ccrpositions., The effect of
~this extra volume of gas is to increase the apparent power cf the
compositions as measured by the ballistic pendulunm (see para.k.3.2.3.)
and it also probably assists by increasing the effective confinenent.

3.2 The use of co-ordinaticon complexes not depending on intra
molecular fuel oxidation

In addition to intra molecular fuel oxidation complexes the possibility
was considered of using an inherently explosive radical, e.g. azide in the
complex, ad for instance in the unlonlsed complex dipyridino-
diazido copper [Py Cu(N Yo Je In this case all the fiel groups would be
available for reaction 11 h the chlorate while the azide group would
provide a certain amount of power; locked at from another point of view
this device seemed to afford a method of toning down the violence of the
azide group which, in simple salts such as cupric azide, is far tco violent
to be of practical use in caps. It was also thought that by holding the
azide radical by co-ordinative as opposed to ionic bonds thc tendency to
release hydrazoic acid under moist conditions (a tendency common to rost
simple ionic azides) might be obviated.  Actually it was found that the
above mentioned complex azide did liberate hydrazoic acid under moist
conditions, but a certain complex cobaltic azide did not do so. This
topic is discussed further in para.6,2.

3.3 The choice of metal to act as co-ordination nucleus

Several metals were considercd as possible co-ordinaticn nuclei, in
particular Ag, Cu, Ni, Co, Fe, Pb, Hg, Cd, Zn, but most attention was given
to copper. Other things being equal, a mctal of fairly low equivalent
or atomic weight is preferable, since it is desirable to reduce what may
be described as ballast weight to a minirum because the metal itself will
have no useful contribution to moke to the combustion mechanisi.

{lO%

LY



In this respect lead and mercury ccoipounds stand at a disadvantage.

.Those szlver cadinium and zinc corpounds which were prepared tended
to be of poor crystalline form, i.e. rather light and "fluffy" and

s0 unsuitable for incorporation in mixtures to the extent of more

than a few per cent. A few nickel, cobaltous and cobaltic salts

were 1nvest1ghtcd but there is probably a good deal of scocpe for further
work in this direction; more often than not their crystalline form was
well adapted for ﬁdnlxture in cop compositions.

L.C Compositions based on co-ordinated cupric perchlorates

The following coiplex cupric perchlorates were nade and their ability

to sensitize a 60/40 mixture of potassium chlorate and antimony sulphide
investigated:

a) Diorthgphenylenediamino

) Polymeric paraphenylenediamino
Ethylenediaminoorthophenylenediamino
Tetrapyridino

; Ethylencdiaminodipyridino

) Diethylenediamino

) Diamminodipyridino

) Diamminocthylenediamino

j) Tetraammino

) Diaquoethylenedizmino

In general it was found that these salts had but moderate sensitizing
power being about equal in this respect to lead thiocyanate, The most
effective were (a) and (c).

4.1  Qrthophenylenediamino cupric perchlorates

The sensitizing power of (a) and (c) was so good that ot first
there werc some hopes that it might be possible to obtain with them
sufficiently sensitive 3 component mixes. The reason underlying the
choice of orthophenylencdiamine as a co-ordinator was that it was thought
that enhanced sensitivity might be obtained on account of the reducing
propertics of the diamine since it would not be merely a case of oxidising
an inert fuel 2s in most of the other compounds but a case of an oxidising
mixture (chlorate and perchlorate) acting on a moderately strong reducing
agent. It was expected that such systems would be more readily initiated
than those with no reducing agent on account of the greater oxidation-
rcduction potentinl between the components. The mixtures, however, proved
to be useless because the orthophenylenediamino salts underwent a slow
oxidation (possibly accelerated catalytically by the copper) when in
contact with chlorate. It is probable that when diorthophenylenediamino
cupric perchloratc is in contact with potassium chlorate (particularly
under moist conditions) there is o certain cmount of double decomposition
owing to the sparing solubility of potassium perchlorate and leading to
the formation of the couplex chlorate.

Lpu(gphen)Z (0104)2 + 2KClo3 = Lgu (_gphen)2 (0103)2_+ 2K0104

’

1.




This chlorate was actuclly precpared and found to be exceedingly
sensitive but unstable; when freshly prepared it wos blue-violet

in colour, but two days later it had becomc dark grey and after a
few months at room tcmperature was tarry and inert. In contrast,
the corresponding perchlorate (which was a lilac-coloured crystalline
body) was stable for long periods at room temperaturc.

Some sensitivity figures for orthophenylencdinminc cougplexes are
given in Appendix I,

Al though the orthophcnylencdiamine complcxes had shown sone
promise as regards sensitivity, further work on them was abendoned owing
to the above mentioned instability in thc presence of chloratc nnd also
because orthophenylenediariine is somewhat inacccssiblc in quantity.

4.2 Paraphenylenediomino cupric sclts

The action of agueous solutions of p-phenylenediamine on solutions
of cupric salts is to precipitate an amorphous vecry fincly divided black
substance which rmay be a co-ordination polymer cither lineor:-

o T 7 \
N i, NHo < WL ae W 0 AT
Y] 74 AT )
o ©l _ /_|Cu‘\ ©ivy *Cu ..
! ot 1
\NHZUWHZ N, >"'JH2/ NHL SV, S
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or norc probably reticulate:-
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0 () k
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J i J
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() 9 9
NHZ NH

2 B
s l !
—3 Cu {—NH2 S VH,~ Cu exﬂ{2< 7 iH, Cu e

e fl 1

—

' (XD,

On adding an aqueous solution of p-phenylencdicidne to cupric chlorate
and cupric perchlorate solutions the conplex black woorphous chlorate
and perchlorate respectively were obtaincd. Both salts deflesrated
gently with a sueky flaimc when ignited; the chlorate wes very scasitive

12c



to impact and the perchlorate less so, but the former (like the corres-
ponding ortho-phenylenediamino chlorate) became inert after standing at
room temperature for a few months. The sensitizing ability of the
amorphous complexes was poor possibly owing to their excessively large
specific surface.

It was hoped that it might be possible to restrain the formation of
the amorphous polymeric complexes with p-phenylenediamine by using ethylene-
diamine as a blocking group to prevent the extension of the chain or net,
but on adding an equimolecular mixture of ethylenediamine and p-phenylene-
diamine to cupric perchlorate solution the black substance was at once
precipitated while a portion of the copper remained in solution as purple
¢thylenediamine complex.

4.3 Ammino, ethylenediamino and pyridino cupric perchlorctes

The following compounds are dealt with in this section.
(2) [Pyh_ Cu] (0104)2
(b) [Py, en Cu] (0104)2

(e) [e'n2 Cu] (Cl0 H,0

4)2' % 2
(2) [Py, (M;),0u) (C10,),

(e) [en (NH (675 @1 en o)

3)2 W2

(2 l€n 'Tn (H20)2] (C10

(g) [wm,), cu] (€10,),

of which the first two were found to be the most useful. Both are stable
and readily prepared in good crystalline form; their preparction and
properties arc described in Appendix I, paras.1.1 and 1.2 respectively.

W2

4.3,1 Sensitizing properties. ixtures 300 (a) and 300 (b)

leasurements of the sensitizing power of compounds (a) and (b) in ,
60/40 potassium cilorate antimony sulphide mixes were made but it was found,
as was antlcloatpd from t heir high ignition temperatures (which lie in the
region 240- 250 C.), that their sensitizing ability was only moderate,
being about equal to thot of lead thiocyanate. It appears probable that
the sensitizing properties of thesc compounds in mixtures containing
potassium chlorate is due, at least in part, to an interface reaction
between the potassium chlorate and the complex whereby a much more sensitive
complex chlorate is formed. Confirmation for this view was found in the
fact that if the potassium chlorate in a mixture of the complex perchlorate,
potassium chlorate and aatimony sulphide were replaced by potassium
percihlorate the resulting mixturc was very insensitive, although normally
the loss in sensitivity in replacing the potassium chlorate of a sensitive
mixture by potassium perchlorate is but suall, The complex chlorates
supposed tc be formed at the potassium chlorate-complex perchlorate inter-
faces in the pressed mixture were actually prepared in a crystalline
condition (by .reaction between the complex perchlorates and potassium
chlorate in aqueous solution and also directly from cupric chlorate) and
found to be sensitive to impact and very soluble in water,
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Although no uscfully sensitive thrcc—componeﬂt mixtures were
found containing (a) or (b) or (c¢) it was found that by ingorporating
5 per cent. of tetrazene, mixtures having unusual and interogting

properties could be obtained.
were investigated in detail, nacely:

hixture 300 (a)

Potassiun chlorate (120-170 BSS) 505
Antinony sulphide * 555
Tetrapyridino cupric

perchlorate (passing 120 BSS) 10k
Tetrazene (passing 120 BSS) Sk

1007

L 3

Of such mixturcs two in particular

Mixture 300 (b)

Potassium chlorate (102-170 BSS) 50%

Antimony ‘sulphide * 354

Dipyridinoethylenediamino cupric
perchlorate (passing 120 BSS) 10%
Tetrazene (passing 120 BSS) 5
100

* = Grist as for antimony sulphide in Q.3 primer cap conpositions, i.c.

50k 120-170 B.S.S.

5C/%4 blended as for 4.1 mixture,

(A 1 antimony

sulphlde all passes 120 B.S.S. and approximately 20% is retained on

IS 55 )

The proportion of copper salt used (10 per cent.) was found to be
the optimum - larger proportions, i.e. 15 pcr cent., or 20 per cent. tended
to causc "fizzling" - smaller proportions did not give maxirum power.

dgo a2,

Experinental results on mixtures 300 (a) and (b) in

.303 inch S.A. caps

4.3.2.1-

Method of filling and varnishing

Some preliminary experiments to determine the best method of filling

and closing showed that

o pressing load of 900 1b, with a flat endec. drift

gave satisfactory rcsults and this load was adopted for all the experi-

mental fillings described below.

The normal Service load is 600 1lb. but

it is considered that in general a rather hcavier load than this glxcs
better results with non-fulminate mixtures.

As a preliminary, three methods of closure were tried, namely

(a) 1 drop of varnish R.D.71198C on Colnec Valley parchrment paper,
(b) 2 drops of Service shellac varnish on Service lead-tin foil and
e} * 1 drop of R.D.1198C on Serviee lead-tin foil.

Sensitivity results are given in Table I, all caps having been
tested in Kynoch type cases with hemispherical anvils, dimension C =
58-60 * - the most unfavourable value allowed by the Sefvice specification.

G Dimension C is the distance in thousandths of an inch between the
tip of the anvil and the outside base of the cap in the assembled

round,
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TABLE I

riethod of Sensitivity *
closure inches/Z 1b,

1 drop R.D.1198C on

CRE 14
2 drops Service shellac
on lead tin foil Se19" (a1

firings irregular)

[ 4 drep ReD.1196C on
lead tin foil > 15

- — ——

On these results Colne Valley parchment paper and 1 drop of R.D.1198C
was chosen as the most suitable form of closure.

4.3.2.2 The sensitivity behaviour of .3%03 inch caps filled with
mixtures 300 (a) and (b) under adverse conditions of assembly

It is found that in .303 inch assemblies the main factor which controls
the sensitivity is the value of dimension C which ranges in Service
assemblies from L43 to H60; in general the smaller dimension C the
greater the sensitivity. The sensitivity- of Service fulminate caps for
instance is greatly influenced by this dimension falling in certain cases
to as much as 30 inches/Z% 1b. and in favourable assemblies rising to about
9 inches/1 1b. '

It was found with some surprise that caps filled mixtures 300 (a) and
300 (b) were not only much more sensitive than Service fulminate caps over
the whole range of assembly conditions but mixture 300 (b) in particular
was only slightly affected by changes in dimension C; it was the first
time that this behaviour had been observed. Actual results of sensitivity
measurements over the whole gamut of critical assemblies are shown in the
attached graph (Drg. No.A.R.D.8270) for caps filled mixtures 300 (a) and
(b) together with thc corresponding results for Service caps filled fulminate
mixture for comparison.

Caps filled mixture 300 (a), although cn the average about 5% inches/1b.
more sensitive than Service caps over the whole range of conditions of
assembly (including eccentric as well as central strikes) are actually
affected by variations in dimension C to about the same extent as Service
caps, i.e, the two curves run very roughly parallel to one another. The
lowest sensitivity recorded for Service caps was 30 inches/% 1b, (R.L.
conical anvils, eccentric strike C = 60) while the lowest sensitivity
recorded for caps filled 300 (a) was 22 inches/ £1b. (Kynoch hemispherical
anvils, eccentric strike C = 60).

Caps filled mixture 300 (b) were found to be on an averzpe about
5 inches/% 1b. more sensitive than Service caps, but their sensitivity was
very much less affected by the adverse conditions (high values of dimension
C and eccentric strikes) which so seriously affect the sensitivity of
Service caps. Thus the lowest sensitivity recorded for caps filled mixture

"* In this report all sensitivity figures (unless otherwise stated)
represent the minimum height of drop in inches of a %]jn ball necessary
to fire a run of 20 rounds without failure.
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300 (b) was 18 inchés/L1b, a_ainst the value of 30 inches/31b., recorded
for Service fulminate caps. These points are made clear to the eye in
the attached graph and there is no doubt that composition 300 (b) in
particular is much superior as regards sensitivity tc Service fulminate
mixtures in .303 inch caps; in fact this mixture is by far ‘the most
sensitive (in the filled condition) that has yet been encountered) since
it has previously been difficult even to equal the sensitivi<sy of the
Service fulminate caps.

Strangely enough (but perhaps on account of the interface reaction
on pressing to form an organic chlorate as mentioned above), these
compositions, although very sensitive to strike in the pressed conditiony,
are remarkably insensitive in the loose state. This is illustrated by
the following Ball and Disc and Friction Test results in which the two
mixtures are compared with Service A.1 mixture:

TABLE II
Composition Ball and disc test = Emery paper friction
(EE ST
Service A.1 2 oz./3 inches < 3 ft./sec.
Mixture 300 (a) } 8 0z/15 inches 5 tti/se0.
Mixture 300 (b) { 8 0z/415 inches 7 ft./sec.

% These figures represent the strongest blows at which it is
possible to obtain #ilure to fire in each of 10 successive trials.,

* PFigures obtained on the A.R.D. friction machine in which the
explosive (resting on fine emery paper on a flat steel plate)
receives a nearly tangential blow from a fixed boxwood wheel
covered with emery paper and attached to the end of a swinging
arm, The figures quoted represent the greatest tangential
velocities of strike at which it is possible to obtain failure
"to fire in each of 10 successive trials.

4.3.2.3 Power of compositions 300 (a) and (Db) in .303 inch caps.
Ballistic Pendulum measurements

Ballistic pendulum measurements in which capped cases were fired
from a cut-down rifle showed that volume for volume the new compositions
are roughly 1.7 times as powerful as the Service fulminate conposition.
This result (which is not to be interpreted as implying that the ignitory
power of the caps for propellants is necessarily supcrior to that of the
Service caps) is probably due to the relatively large amounts of gas
evolved by the combustion of the organic fuel in the co-oréination compound.

Some of the actual ballistic pendulum results are given in the next
section dealing with Storage Trials.
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4.3.2.4 Preliminary hot dry storage trials on .303 inch caps
filled mixtures 300 (a) and (b) i)

The: two varieties of caps were subjected to a rapid hot dry storage
trial side by side with Service caps at a temperature (1800F.) at which
the Service caps have a useful life of only a few days. after trials
sensitivity and ballistic pendulum regularity and power were measured.
The results are shown in the following table.

TABLE III
" Time elapsed | .. _ Sensitivity* Ballistic Pendulum x
(hours) Seag (inches/ 1 1b.) Power £ K Ve o
2 ___ | coefficient|trace lengths (%)
0 (Service 20 1400 6.6
(300 (a) 13 10 74 3.5
92 (Service Se (Gl 0.64 *30.4
( firings weak
§ and irregular)
300 (a) 13 | e 18.5 @
164 (Service >31 (all rounds 0.03 87.6
( "fizzled")
(300 (a) 22 1.70 k.7
0 (Service 20 i 1.00 14.0
(300 (b) 13 L o e T TR
H ‘
336 (service | = --——-- Caps practically inert ------
(300 (b) (2 ! Vs gk 4.8

* /11 sensitivity figures in this table are for Kynoch cases,
central strike, dimension C = 58 - 60.

% The rounds for ballistic pendulum work were fired in a cut-down
Service rifle, the assembly being Kynoch cases, dimension C = 50-52.
The power co-efficient is obtained by dividing the avercge trace
length for 10 of the caps under trial by the average trace length
for 10 Service caps. The C. of V. quotedis based on the 10 results
in each instance. g

¢ & single low result occurred in this series resulting in a high
e @ Vi The trace lengths as measured were as follows: 8.25, 8,30,
4.55, 10.65, 9.55, 9.0C, 8.46, 8,42, 8,281, 8,34 inches, The control
Service caps gove the following results: 4.20, 2.60, 2.11, 4.15, 3.34,
2.71, 3.32, 4,68, 2,89, 1.42 inches. '

t All paper discs bulging slightly end red dye in varnish bleached

at end of this trial.

It is not possible to assess from these results the relative lives of
the two new compositions as compared with the Service fulminate mixture
because they resisted the severe conditions of the test so well. aTit e
be seen, however, that after 91 hours the Service caps had deteriorated
to such an extent as to seriously impair their usefulness, while after
336 hours caps filled mixture 300 (b) werc actually slightly better in
regard tc sensitivity and regulatity than they were when the trial started
and in jower were unchanged. The trials with mixture 300 (a), although
they did not continue for so long as those with 300 (b), did not reveal
any deterioration except for 1 wild round which had the effect of increasing
the C. of V. to 18.5 per cent. for the caps which had been on trial for

92 hours.
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4.3.2.,5 The stability of mixturcs 300 (a) and 300 (b) under
hot moist conditions

Storage trials of the compositions under hot noist conditions were
unfortunately not so encouraging as those under hot dry conditions.

The loose compositions were exposed to moist atmospheres at 1150F.
and the percentage loss in weight determined, the compositions being dried

in each case before the final weighing. The rcsults are shown in tabular
form below,

TABLE IITI(a)

R ik o S ol
300 (a) - e e
500 (a) 100 . e
300 (b) 75 i -5.8‘ e
500 (b) 100 % .
500 (b) 100 41 -

.303 inch S.4i. caps filled mixtures 300 (a) and 300 (b) were alsc
tested under hot moist conditions; after 2 days at 115 B, and o reclative
humidity of 75 per cent. the foils were bulging, indicating that a certain
amount of gas had been evolved from the conpositions - an effect which had
also been observed in the dry trial with mixture 300 (b) after 336 hours
at 180°F. (seec Table III). The moist trial of the filled caps was,
however, continued for a total time of one month at 115OF. and 75 per cent.
relative humidity and at the end of this time all the caps fired satis-
featorily <in the "weak" rifle.

A possible explanation of the evulution of gas from these mixtures
on moist storage is that the tetrazene (a diazo body) is decomposed
catalytically by the copper salts giving nitrogen and complex bases which
co-ordinate with the copper and displace pyridine. Although it was shewn
(vide Appendix I, paras. 1.1 and 1.2) that disengagement of pyridine did not
take place when the complex perchlorates were stored alone at 120°F. and
100 per cent. relative humidity for long periods, there is evidence that
this may take place when the compositions thecmselves are stored at high
humidities. Even if rustlessness were no longer a Service requirement it
is considered that the deleterious effects which pyridine mizht have on
propellants in contact with the caps would preclude the present mixtures
from being recommended for Service, at least until much more cxtended
trials had been carried out.

Sensitivity trials of 20 mm, caps filled mixturcs 300 (a)
and 300 (b)

20 rm. caps were filled to the Service dimensions with mixtures 300 (a)
and 300 (b) using a Service type pipped drift and a pressing load of
1200 1b. The caps were disced with Colne Valley parcament paper and
varnished with two drops of R.D.119&C. Sensitivity results on thc caps

%.3.3.1
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asserbled into Hispano cases (dimension C = 105) arc shown in Table IV
below, together. with results for Scrvice caps filled A.1 mixturc under
the¢ smic conditions of assewnbly, which are actually the most unfavourable
allovicd by the Service specification.

TABLE IV
Caps Sensitivity (inches/1 1b,
Fillcd mixture 300(=a) 7
Filled nmixturec 300(b} 18
Servilcen iEnliled Sa 22

mixture

Both the new mixtures nre seen to bc superior in sensitivity to the
fulminate mixturec.

4.3.3.2 Gun trials of caps filled mixtures 300 (&) end 300 (b) in
20 mm, Qerlikon gun

~

20 mm, caps fillcd as described above with the two compositions were
forwardcd to C.3.4.R., Swynnerton who firced them in a 20 mm. Qerlikon gun
a2t normal temperaturc and at —AOOF. His results for recoil and clcarance
between breach block and gun body were as follows:

Gun S 40085 age 372 rounds

Barrcl B 15900 " 1 "

Ampunition:;- 20 mm. Qcrlikon ball filled 435 grs. 141222
Type A ... caps filled mixture 300 (a)
Type B ... caps filled mixture 300 (b)

SIS bl
500530 2 k)
5555 3055 hye5,] 518," 57s5,1:0] ‘
5[51.0, R O oIS EML o I N P L 51.5| S5h) 456
| FEASD s Ll B IS 5y, 056, Ul 54 S 2N05U56] i
| ? ? 5765, 264005 k2.5l : .
' B 1 =L0 J[L75, T8:55 L6.5] ?

| | [48.5, 26.5, 42.5]

# LEis.0, lh s de o 9.0, | |

| ! ! D olis )8-5; 840;5- 5955 36-5: ! ’ )
| f 38,0, 35.5, 39.5] o

B inormal

1 1 O 2

| . 37.5, 40.5, 53.5]
0]
5

TBLE V
; a0 _ Recoil 7&&Ek“5f '
Amnm.. TOF. |Recoils beyond sear in order (mm.) * High { Low | fire
| (rounds per
L....__.,._-___...__q__.._.--- . — — i o e 1 jl}'i.n.)
| | & lnormal {[50.0, 37.0, 44.C, 42.0, 44.5] !
| e E50'5’ 54,5, Wi.0] r 68
= ' 22,0555, 45255 G5 ;
5 [51.5, 33.0, 46.0, 41.0, 43.5, 42.5 52,01 33%.0
| z 42.5, H28y 13555, W05 1345 459
| k2.5, L4.(]
& 1. =h0 . 1[50.6, .0, 36.0] |
i [ e 5 & Y o | :
! (L7045 26:5, 435 53.5 1 26.5 416
‘ Wt B 25, 285 20 U280 |
| 50u0, 375, 15840, hiGy5n K80 |
| i
|
|
1

i
49.o§ 18.5 417

i . — . — -

* Sgusre brockets indicate the beginning and ¢nd of bursts of automatic fire.

| 19,
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TaBLE VI

Double loading stop marks*
(mm. from base of case)

—

fAmmuni tion Temp. °F, i ‘High Low liean

A Normal EileE 2l 58.8

A -40 58.0 5050 5547

B Normal 60.5 565 59.0

B -40 Sroe 54.0 S50

Service Normal 62.0 61.0
(typical) !

| " ; =40 61.5 54.0 60.5
i L g !

——— e o i V20

* The difference between 48 mm., and the distance of the double
loading stop mark from the base of the case gives the clearance

between the breach block and the gun body;..

the better.

the greater the clearance

L.3.4 TFunctioning tests on the analogues of mixtures 200 (a) and
(b) with different co-ordinating groups

The following compounds were prepared and made up into mixtures
analagous to mixtures 300 (a) and (b):

[Cu en,] (C10

4)2. 3 H,

0

[Cu PyZ(NHB)Z] (0104)2

[cu (M), ) (C10,), -
[Cu en (NH3)2] (0104)2

The grists and proportions were the same as in 300 (a) and (b) but the
10 per cent. of tetrapyridino and diethylenediaminodipyridino salts were

replaced by 10 per cent. of one of the salts above listed.

Sensitivity

and Power tests were done on all four compositions in .303 inch caps
under the sane conditions as those under which caps filled iaxixtures
300 (a) and (b) had becn tested and the rcsults are shown in the following

table:

TABLE VII

Copper salt used in cap |Sensitivity* Power C. of V. of
composition type 300 inch/1 1b, coefficient Bailds Bend,
. eains tracc lengths
. [Cu en ] (Cl ) sl 15 11, &k
2 [Cu Py = NHg 2(6184)2 11 Tk 10.7%
% . foh (Nﬁ (510 13 1.4 12.0%
he fen en(ﬁ‘n“) ] (ct 4)2 15 1.4 13, 6%
Service caps fllled A R
fulminate mixture 20 T 13.6%

* Kynoch cases;

dimension C =

20,

60.



These compositions appear to have no advantages over 300 (a) or (b) and

some disadvantages., The diethylenediamino salt is excessively soluble

in water and generally inconvenient to'handle besides giving rather poor
sensitivity relative to the other mixtures. The ammino perchlorates cre

in general less well defined and more soluble than the pyridino or ethylene-
diamino salts and in general perhaps ammonia compounds are best avoided in
cap compositions., '

The preparation and properties of the complex salts mentioned in
Section 4 are given in Appendix I.

4.4 Attempts to develop rustless cap compositions based on
complex cupric perchlorates

It was not found possible to achieve any useful degree of sensitivity
by replacing the chlorate in mixtures of the type of 300 (a) and 300 (b)
by barium nitrate, in fact most such mixtures appeared to be quite inert.
Since, however, according to the theories of cap sensitivity put forward in
A.R.D. Expl. Report No.373/4L3, a factor controlling the effect on
sensitivity of any ingredient of a cap composition is the relative surface
area of that ingredient present, it seemed possible that a fairly sensitive
non-rusting mixture might be made by starting with a mixture of the type of
300 (b) and reducing the amount of potassium chlorate from about 50 per cent.
to about 10 per cent. but compensating for the lesser quantity by increasing
the specific surface. It was then proposed to make up the deficiency in
oxygen by adding a suitable amount of coarse potassium nitrate, and to
neutralize the rusting characteristics of the reduced amount of halogen
present by replacing the antimony sulphide by lead hypophosphite,

Corrosion experiments in which various experimental caps were fired
at mild steel discs which were then stored at room temperature at 100 per
cent. R.H., showed that the phosphate present in the products of combusticn
of cap compositions of this type did in fact reduce the corrosion to
negligible proportions relative to ordinary Service caps, although the
results were not so good as with the completely halogen-free VHZ2 mixture*,

Several mixtures were tried containing various proportions of tetra-
pyridino cupric perchlorate (or dipyridinoethylenediamino cupric perchlorate),
tetrazene, lead hypophosphite, potassium nitrate with 10 per cent. of fine
potassium chlorate, but all showed a tendency to "fizzle". Somewhat
unexpectedly it was found that the addition of ground glass in substantial
amounts to the most promising mixtures reduced the tendency to "fizzle" -
the optimum addition appeared to be 20 per cent. which is an unpretedently
large amount. Actual firing results with increasing proportions of ground
glass are shown in the table below:

* Other experiments on similar lincs have shown that the presence

or absence of chlorate is the sole factor controlling rusting
properties; calcium silicide, antimony sulphide, barium nitrate and
potassium nitrate single or in various combinations have no appreciable
effect one way or the other on rusting properties, neither does
substitution of barium chlorate for potassium chlorate.

2.




TABLE VIII

Composition (per cent.)
[Cu en Pyz]' Tetrazene |Potassium|Lead hypo- | Potassium| Ground Firing
(C10,), * |passing 120| chlorate |phosphite | nitrate |glass (as|results in
passi%g 120 BSS passing |120-180 120-180 |for Q.F. "weak"
BSS 300 BSS B3S BSS mixture) rifle *
10 5 10 50 25 0 13F2F=
10 5 10 45 25 5 2L F2Fz
10 2 10 40 25 10 26FFx%
10 5 10 35 25 115 25F
10 | 5 10 20 25 20 27F
|

* All caps were pressed at 1000 1b. dead load, disced with Colne
Valley parchment paper and left unvarnished. They were fired in
the most unfavourable assembly (Kynoch anvils C = 59 - 60) in a
"weak" rifle representing the worst Service conditions for strength
of blow, eccentricity of strike, etc.

F = satisfactory firing: Fx = fired but "fizzled"

The last composition in the table, being the most promising, was
given a more extended trial, the caps this time being varnished with one
drop of varnish R.D.1198C. The sensitivity results in various assemblies
together with the sensitivity of Service caps under the same conditions

for comparison are shown in the following table:

TABLE IX

Assembly and Strike (Kynoch cases)

Service caps

20 "

G = 58 = 60 € =5 =55 C = 58 - 60
et Central strike Central strike Eccentric strike
Hypophosphite
caps > 25 inch/ 11b.* 16 inch/% 1b. 27 inch/ 1 1b.

12 "

24 "

* 8 firings and 1 "fizzle" in "weak" rifle.

As might be expected .from the large proportion of ground glass there
was some tendency to press explosions and one cap fired in the press during

the pressing of "130.

Although this mixture is lcss sensitive than the present Service
mixture and probably not sensitive cnough to be of practical use it is
possible that further work on similar lines might lead to a satisfactcry
rustless mixture sensitized in part by small amounts of finely divided -

chlorate.
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5.0 Complex cuprous salts having co-ordinating groups containing divalent
sulphur

5.1 Introduction

Since sulphur is one of the best sensitizers of chlorate cap
compositions it appeared to be of intercst to construct some compounds
having both divalent sulphur and chlorate (or perchlorate) in the same
molecule.

It is a remorkable fact that if ccrtain compounds containing divalent
doubly bonded sulphur atoms are brought into contact with a cupric salt
immediate reduction of the cupric ion to the cuprous state tokes place,
followed by thc co-ordination of thc thio body with the cuprous ion. The
colourless complex formed is usually very stoble to ccids but decomposed by
clknlics with the formntion of copper sulphide. Thiourca (Th), cthylenc-
thiourca (ctu), CH,. NH\\ o-phcnylencthiourea NH\\ and c¢ven sodium

CHZ.NH/ i
thiosulphatc behave in this way with cupric sclts. The rcrctlions toking
place and the products formed arc complex and often binucleor - for instance
from coppcr sulphote and thioures the compound [Cu Th.] [Cu ThZ(HZO)]
(s0 ) + Hp0 1s roported in the literature to be formcg A curious nropcrty
of mnny of thc cuprous thiourco complcxcs is thot on dissolving them in hot
water they come out on cooling in the form of oily droplcts which crystallize
slowly.

5.2 The cuprous complcx formed from cupric pcrchi%ratc and thiourca,

By thc intcraction of 1 mol. of cupric pcrchlorate and 2 mols. of
thiourca in water o totnl yield (ealculated on the perchloratc) of 5% of
a white eryst~llinc body, modcrately soluble in water was obtnined, which on
ignition burned very vigorously with na dnrk rcd flmmc and had outstanding
scnsitizing propertics for 60/40 chlorate-sulphide mixturcs. It wes not
possiblc to obtnin this substoncce from cuprous sclts, s for instnnce by
dissolving o mixturc of cuprous oxidc and thiourca in perchloric ocid, by
trcating [CuThz] C1 with pcrchloric ccid nor by dissolving copper powder
in dilute perehloric acid contnining thiourca.  Analysis of the bedy for
Cu, C10,, N and S shoved that it contrincd 12 ~toms of nitrogen to 5 of
sulphur thus mnaliing it impossible to formulatc it as A simple thiourca
complcx. The most probablc structurc ossigned to it on the an~lytieal
rcsults wrs the follewing: -

2 {Cu Th, (0104)} ENH .mﬂ F\IJH—]

20

the sccond and unicnized nucleus being o thiourco complcx of cuprous
cyoncmide formed by the abstrrction of H,yS froa the thiourcn.  ilthough
the scnsitizing propertics of the complex for chloratc mixturcs werc
~comporcble with those of tetr~zenc, work on this substance wns discontinucd
when it wos found that chloratc mixturces contoining it werc net very steble,
There was o marked dccomposition nnd blackening of the originally white
camplex after o few days'' stornge ot 120'F ond 759 R.H. of mixturcs of it
with potassium chlerate ~nd antimony sulphide.
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5.3 Cuprous chloratc thiourca complcxcs

As o matter of interest an attempt wos mede to preparc o chlorate
analagous to the perchlorate described in poaragroph 5.2, By cdding
thiourca to an aqucous sclution of cupric chlerate o white crystolline solt
wns obtained which was cxcessively sensitive to impact and when placed on
o surface at 106°C. explodcd ~t once with o loud rcport. .303 inch cnps
filled with the snlt alonc could be fired in & Service riflc (cp. Appendix I
poragraph 1.9).  The unusunlly low ignition temperaturc of this body is
probnbly the cxplanation of both the instability of chloratc mixtures
containing the corresponding perchlorate and of the exccllent scnsitizing
propertics of the perchlorate (cp. paragraphs 4.1 and 4.3.7).

5.4 Misccllaneous thio complcxcs

Conplex cuprous perchlorates were mnde from o-phenylencthiourca
and cthylene thiourca but only cursorily cxrmincd.  They werce white
crystalline bodics, sporingly solublce in cold water but more scluble in
hot from which they scparated in the form of oily droplets which slowly
crystallized to felted or checsy masscs. Both thc cthylene and the
Oo-phenylcnc complexes were almost completely inscensitive fo steel-to-stecl
impect and when ignited they smouldered cway leaving much black ash.

By ~dding 4 wols. of thiocurca to onc of lcad perchloratc in hot water
o beautifully crystnlline complex was obtained. It was not a very good
sensitizer of potassiua chloratc-antimony sulphide mixturces and wos not
further investigated. (Somc further thiourca cuprous sclts of rather special
typc arc described in paragroph 6.3.4 bclow).

6.0 Non-ionized copper complcxes

6.1 Introduction

There ore certain ionic groups with potenticlly uscful cxplesive
propertics which have o co-ordinction affinity for copper and thus peruit
ncn-ionized copper complexcs with explosive or scensitizing propertics to
be prepared.,  Awmng such groups arc the following: -

thiocyanato, nitrito, azido, cnd (as cmerged during the work) picrato and
styphnato, 21l of which yicld with cupric coppcr wnionized and gencrally
very insoluble complexes of the general forua:

where Ry and Ry arc ncutrnl co-ordinating groups and X4 cnd X, icnic co-
ordinating grcups with unit charge. The normnl ionized cupric co-ordincticn
cempounds arc, as is well kncwin, gencrally intense bluc to viclet in coleur,
and the unionized bedics arc rendily distinguished from them nct only by their
insolubility but by their greenish huc which varics from o vivid green

(c.g. the precipitate produced in the well knewn pyridine thiceyanate test

for copper) to o dark olive grecen. ixceptions arc cthyloncdioninodipierato
cepper, which is buff-colourcd, cnd the hydrozino body, which is ycllow.

4 further characteristic of this class of compound is the tendency to fornm
surface skins on water similr-r tc thot formed by nickel dimethylglyoxinc.
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6.2 Atteupts to noke couplex czides which are rosistont to hydrolysis

Lend azide and even copper azide are fairly rendily hydrolysed
under conditicns of high hunidity giving hydrazeic ccid; thus,® lend azide
in contnct with cr nenar copper is linble te givc rise to very dangerous .
corrosicns of copper nzide cn the copper, o fact which renders the use cof
normal ionic nzides undesireble in cap coupositions. It was hoped thot by
actunl co-crdination of the azido group in o~ ncn-ionic complex its resistonce
to hydrclysis night be incrensed owing to the firmer binding of the azido
group and thus cnablc the explesive propertics of this group to be used in
cops.  actunlly, hovicver, it was found that the non-icnic ccaplex copper
czides for example dipyridincdiazide copper yielded up their azide under
nelst conditions about as recdily as copper azide itself, the only difference
being that the pyridine as well as the azide disengrged itself with the
result that the original compound was built up ngnin as a corrcesicn on a
picece of bright copper suspended over dipyridincdiczido cepper in o nclist
atuosphere, This necw type of corrcsion, although not ~s powerful nor
probobly aos sensitive, as crdinory copper czide, was nevertheless objeetion-
abiller On heating in a flaac a plece of copper corroded in this wny there
was cnly o slight flash and not the shatterins erack which would have
resulted fron the same anount ¢f normel copper azide; wuch azide readicle
was, however, detccted chemically in the cerrcesicen.

Aalthough hydrozoice acid disengnged itself falrly rcadily from the
couplex copper azides 1t was possible to prepare o complex cthylenedinmine
cobaltic azide (see wppendix 4.0) which ¢id not liberatc any detecteble
caount of hydrazoic ccid- during 60 hours ot 120°F. 1005 R.H. Owing to
lock of tine this substmnce was cnly cursorily cxoninced but further work |
cn it might have uscful results.

6.3 Complex copper picrates and styohnates

6.3.1 General

When ~ dilute solution of ~ ce-ordinating bosc is adled to
A dilute soluticn of cupric picrate an extreacly inscluble coaplex is
preeipitated; with cxmonia the precipitate is o dirty yellowish green and
is auorphous,* with ethylenclinmine it is flesh cor buff coloured and ccn,
by corcful precipitation fron beiling sclutions, be obtained as crystolline
plates; with hydrazinc the precipitate is amorphcus ond yellow in
colour while with pyridinc it is ~ bright grcen. Specinl attention wins
given to the complexcs derived fron cthylencdinuine ond frow pyridine since
they vere fairly readily obtaincd in o crystnlline condition, Their
coupositions were found to cgrec with the folloviing structurcs: -

. - =

NOo E N,
CHZ.NHZ\‘ /o< SN0, Py\l 0 S0z
: NO \ / NO
2 B el 2

Cu G

i :jNo' T A éNO
CHp.NH»p 0 N02 Py 0 NO2
N0, N0,

3 : ALY II S

*The formation of this body has been proposed (A. Zacharov, J. Appl. Chem.
Russia 1933, 6, 998; A 1934, 40) as a method for estimating picric acid but
analogues with co-ordinating bases other than ammonia do not appear to

have been previously reported.
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. in which the picrate ion functions as a co-ordinating group. It does not
appear to have been previously recorded that the picrate ion has this
property. .4 very insoluble grecn compound similar to II was also obtained
by the action of pyridine on copper styphnate solution and obtoined (with
somc difficulty owing to its very sparing solubility) in a crystellinc form
(see paragroph 7.3.3 below).

I is in many woys an anomalous body - its colour for instance is buff
or flesh colourcd while most of thc other complcxes of supposcd similor
structurcs orc dark green in colour, and on ignition it deflagrates much
morc mildly than II although it does not contain such ~n cxccssive amount
of fuel. Since the sensitizing propcrties of I were negligible and
mixturcs contoining more than about 53 of it "fizzled" badly, further
work on it was obandoned.

6.3.2 Cop compositions based on Dipyridinodipicrato GOppcr'("Pypicu“)

This picratc was found to bc quite a good scnsitizer of
chlorate-antimony sulphidc mixturcs alone and without the ~id of cny
tetrazenc.  Sceveral mixturcs containing it were tricd in .303 inch S.A,
caps but thc most satisfactory was found to be the following: -

Mixturc "Pypicu 10"

Dipyridinodipicrato copper 1065
Potassium chlorate (as for 4.1 mixturc) 547
Antimony sulphide (as for Q.3 mixturc) 36

Timc did not permit a completc investigntion of the scensitivity over the
wholc rangc of critical assemblics as hnd been donc with caps filled
mixturcs 300 (2) rnd (b), but thc detcrminctions which werc carricd out
(shown in the toble below) indicate that on the avercge cops filled
"pypicu 10" arc morc scnsitive than thc present Service cops nlthough not
quitc as scnsitive as cops filled mixtures 300 (n) and (b). Climatic
trials ond power measurcments have not yct becn done; the pover appcarcd
to be good Judged by auditory stondards ond the flosh wos strong.

TABLE X
Showing thc scnsitivity of ,303 inch cops f£illed mixturc

Pypicu 10, pressed at 1000 1b, dcad load, disccd Colnc
Vallcy Pnrchment poper and vornished with 1 drop of varnish

R.D. 1198
Conditions of Asscmbly Scnsitivity *
Dimension C | Typc of cnvil Blow Scrvice caps| Cops filled Pypicu 7C
L, Kynoch Central 11 15
51 2 5 12 12
59 hi - 1" 20 .1 :)
59 Rl ” o2 il
59 Kynoch Beeentric 2L - 25 23

* = minimum height of fnll of 4 1b. boll required to firc 20-25 rounds
successively without failurc.
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6.3.3% Scnsitizing provertics of Divyridinostyphn-.to copper

.-Thie body is not ne-rly such n good sensitizer as the
correspending pilerate; the composition obtnined by replacing pioratc in
mixture "pypicu 10" by the siyphnatec hed a.sensitivity greator then
17 inch/% 1b, in unvernished caps compored with 14 inchos/% Lo, Eeps
"syoicu 10% (Kynoch ~nvils, ccntral strike C = 59). 3

The scnsitizing power of nn ~mmonin. - pyridinc - styplinntc copper complex
prevarcd was cven less thon that of the simple pyridince derivative. . The
sensitivity under the conditions acntioncd cbove was greater thon 23 inches/
Lip,

65.3.4 Thiourca cuprous picrotc complexcs. Dcevelopment of o
scnsitive mixturc containing dipyridinostyphncto copoer
~nd thiocurco cuprous pisratc

The addition ¢f o solublc nicrate teo o sclution of trithiourco
cuprous chleride results in the fermntion of o sprringly solublc snd stoble
complex probnbly best formuloted -8 dithiourco picrato copper. It wns hoped
th~t it would be - better sensitizer of chloratc mixturcs than dipyridino-
dipicrato copper biccuse it contnins divelent sulphur in ndditien to picrote.
A8 initially preeipitated this bedy forms brick rcd nccdles ~nd is ~nhydrous
but c¢h re-crystallizoation from squeccus thiource it oppeors in the form of
very drrk gornct-red froec-flowing tablets of o menohydrote, On the whelce
the anhydrous ferm ~pocnred to give the better results in 303 inch erpa.
Eravasla moderstelybcaodisensitizer, forinsitancey I pertsanise: 60/4C
pctassium chlir~bo-sntineny sulphide wmixed with 1 prri of the cuuplex gove
> scnsitivity of 11 inches/L 1b. in ,303 inch ecps (pressing lend 1000 1b.,
disc - Colne Velley Parclment prper, vernish - nil, cnvil - Kynoch,

C = 58-60). .lthrugh the scnsitizing cffceet was promising the firings
sounded rother irrcgulor ~né vorisble, which is a sipgn of inecipicnt g
"Pizzling". Attcupts wore nnde to offset this effect by the addition of
dipyridincstyphnatoe copper; ¢alling the later body i fer the timc beimng,
cnd the pscudcmorphic rerm (see appendix 2.2) of the thiourc~ cuprous
piernic couplex B, the follewing mixturcs werc tested:

o A 10, 28 Rt 105 s i 5.
B o B - e B 10,
1{01032‘.._1) 54, 1:0105( VORI 0 0 K0105(.c1) 5157
SboSz(953 Sy SboS3(43) 33 SbpS3(13) 3k

Mixturc 1. gove the mest cromising results.
2. tenfed to fizzle acre .than-the eriginnl dixture containing 16
of B olone slthough, if o "fizzle" werc eounted as b Sucodss,
it wrs foirly scnsitive.
3. did neot fizslc but was cbout 2 inches/: 1b. loss scnsitive then 1.

The scnsitivity chrrncteristics of uixturce (1) were “therctore cxooined

in oere dctail in vericus unfeoveurcble nsscenblics with the rosults shism in
the toble belin.
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TABLE XT

Conditions cf .sscubly and strikc Scnsitivity (inches/i 1b)

Cops filled

- Anvils Strike Dimcnsion C .
nixture (1)

4 Scrvice Caps

Kyncch Central 43 - 45 13 11
0 " 51 - 53 12 12
Y g 58 - 60 19 20
" Eccentric® 58 - 60 22 2
R.L. Central 58 - 60 18 22

* Blow 0.026 inches off ccntre.
£ Prcssing load 1000 1b. disced Colnc Vallcy Porchmcnt Paper,
varnished 1 drop R.D. 1198C.,

Except for the favourable asscibly Ky. C = 43 - 45 the caps filled
nixture (1) oarc more sensitive than the Scrvice caps.

In point of timc thc above results arc the latest dealt with in this
report and at this stage the work unfortunatecly had to be broken off but
it is considered that it might be worth while investigating the cbove
couposition further when opportunity offcrs.

6.4 Dipyridinodithiocyanato copper

. The wcll known complex dipyridinodithiocyanato copper
[Py,Cu(SCN),] which is used for the cstimation of copper is normelly
obtained as a bright green amorphous powder, but it mey be obtaircd
in the form of dork grecen coupact crystals by slow evaporation of anmonio
froa its solution in agucous crmonia, The cenplex has nocderately good
sensitizing power for chlorate rixturcs being about as good os lead
thiocyancte for addition of between 5 and 10 per cent to 60/40 potassiun
chlorate antimony sulphide mixture. (Moximum degrec of scnsitization =

6 inch/1b.)*

6.5 Dipyridinodinititro copper

This couplex [Py,Cu(NO2)p] mny be cbtained in good yicld in
the foru of dark green free-flowing crystals by treating o solution of copper
sulphate with the calculated amounts of pyridinc ond sodium nitrite. Tt s
is not o very good scnsitizer of chlorate mixtures and the coapositions fire
rather weakly and crratically.

*See Appendix II.
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6.6 Miscellancous unionized pyridine copper couplexes

Since the azide, nitrite and picrate ions can co-ordinate with
sopper the possibility arises of mcking the following, intercsting compounds,

I. [Pygtu(Nop)(Pi)]

II. [PyLu(Ns);]

o= (@ NO
III. [Py Cu(Ns)(Pi)] D g

IV. [Py Cu(N3)(NOp)]

The general mcthed of preparing them is to add as requircd the
calculated amounts of sodiun nitrite, azide or picratc in agucous solution
togcther with the colculated amount of pyridine to the ealculated amount
of aquecus-coppcr sulphatc.

In prcparing IT therc is scrious risk of obtaining cithcr copper
azide itself or a product contoining frec copper azide. It hos previcusly
been described in the literaturc. In contrast to copper azide IT is
inscnsitive to impact but is violent when ignited. It was obtained as o
dork brownish grecn powdcr.

ITII, thec doublc azide-pierate is a dark green crystalline body,
cxtremely sensitive to impaet and very violent.

IV is interesting owing to thc possibility of the mutual destruction

of the azido and nitrito groups. It is o doark greenish brown bedy .which
dissolves with cfferveseence in dilute aecetie acid.
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oPPINDIX I

Preparation and propcrtics of the more important complex salts
mentioned in thc rcport

1.0 Complex cupric chloratcs and perchlorates

1.1 Ictrapyridino cupric porchlorate [CuPy,](C10y)»

Preparation. This salt may be madc by the action of pyridine on
an aqucous solution of cupric pcrchlorate or morc cxpeditiously from copper
sulphatc, ammonium pcrchloratc and pyridinc. 12.5 grs. of Cud0,.5H,0 ond
11.75 grs. of ammonium perchlorate werc dissolved in 100 cc water aond addcd
dropwisc during half an hour ond with vigorous stirring to 100 cc water
containing 15.8 grs. pyridinc. The blue crystals (21 grs.) were filtercd
off and washed in water followed by alcohol. Yield 7%3. Found Cu 10.§)
[Cu(CgH%N) 1 (010,)5 requires 10.9%4.  The salt forms lilac bluc lozenge
shoped tTablets similar in shape to mercury fulminatc crystaols.

Solubility., Very sparingly solublc in wold water, morc soluble
in hot water and mey be rcerystollised from hot water,

Ignition Temperaturc.*  254,°C. (mild cxplosion with sccondory pop).

Bchaviour on Ignition. IMelts to a black liquid which deflagrotes
spasmcdically. )

Scnsitizing powver for 60/40 pot. chloratc-antimony sulphidc.
The moximum incrcasc in sensitivity was 7 inches/1 1b, produced by the
addition of 103 of the complex.f

Scnsitivity. Con be fired only with difficulty by impact bectween
stecl hammer and anvil and then only partiel firing is obtaincd.

Stability. . samplc wos kept ot 120°F. 10G% R.H. for 6 months
withodt ony apparent change. .. picce of red litmus paper kept in the bottle
during this test did not go bluc and therc was no smell of pyridinec.  (For
stobility of mixture 300 (a) sce paragraphs 4.3.2.4. and 4.3.2.5 of rcport).

Miscellaneous. On treatacnt with the cquivalent amount of an
aquccus solution of potassium chlorate, KC10, is prcecipitated and the
corrcsponding chloratc may bc isoleated from the mother liquer in the form
of violct necedles which ~rc very soluble in watcr nnd very scnsitive to
impact.

1.2 Dipyridinocthylencdiomino cupric perchlorate. [CuPygen] (C10,),

This salt is most convenicntly preparcd from coppcr sulphatc,
armmonium porchlorate, ethylenc diamince and pyridine, but moy also be made
dircct from cupric perchlorcte. To o cold solutiondf 25 grs. CuSOL.5H20

*Unless- otherwise stated all Ignition Temperaturcs quoted in this report -
have been determined by the «.R.D. slow heating method (temperaturc risc
50%C. per minute).

#Scc appendix II.
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(1 mol) in 100 cc. water was added 16 grs. of pyridine (2 mols) and
6.0 grms. of ethylenediamine (1 mol.). The resultant deep blue
solution was added dropwise during half an hour and with vigorous
stirring to a nearly saturated cold aqueous solution of 26 grms.

(2.3 mols.) of ammonium perchlorate. The resultant decp bluc crystals
(41 grms; 855 yield) werc filtcred off and washed with thc minimum
amount of cold water followed by alcohol. ..pproximatecly half of the
total quantity of thc complex obtained was rectained on a 120 B.S.S.
sieve. Found Cu, 13.1, 13.5% [Cu(NH,.CH,.CH,.NH,) (C HeN) »] (C10,) 5
requires 13.245 Cu. The salt forms purplish-blue rec%angu ar tab%éts
which tend to form aggregatcs.

Solubility. 100 ml., of a saturatcd aqueous solution of the
salt at 20°C. contains 0.55 grams. The salt is much more soluble in hot
woter and may readily be re-crystallised from it.

Ignition Temperaturc. 238°%C. (violent cxplosion)

Bchaviour on Ignition. Dcflagrates with moderate vigour.

Sensitivity. Coan be fired by impact of a stcel hammer on a
stecl anvil only with difficulty; ignition doecs not sprcad to the whole
mass. 3

Stability. 4 scmple was kept at 120°F, 1003 R.H. for 6 months
without any apparcnt changc. « picece of litmus red poper kept in the
bottlc did not go bluc and there was no smcll of pyridine. There was no
loss in wecight on prolonged heating at 509C.

1.3 Dicthylcnediomino cupric perchlorate [Cu cn2] (0104)2.%H20.

This salt is best made by treating cupric perchlorate with the
calculated amount of cthylencdiamine. 3.18 grams (1 atom) of copper
in the form of 2 CuCO:.Cu(OH), was dissolved in thc minimum amount
(approximatcly 10 cc.? of hot 603 pcrchloric acid. On cooling, 20 cc.
of alcohol was added to the solution of cupric perchloratc followed by
6 groms. of cthylcncdiomine (2 mols) in thc form of its dihydrate
dissolved in 20 cc. alcohol. Thc purplc red solution deposited 13.5 grams
(705 yicld) of mauve necdles which were washed with 9%3% alcohol; o
further crop was obtaincd by cvoporation of the mother liquor. Found

Cu 16.31;; [Cu(NHCHCHANH)p] (C10,,)5.3H,0 requires 16.2%; Cu.
The salt forms purplish-red necdles or reddish bluc fibrous
tablets which arec very soluble in water but less so in aleohol. .t

22%C 100 ml. of o saturatcd aqueous solution contains 12.7 grams.

Ignition Temperaturc. 251°C. with violent cxplosion.

Bchaviour on ignition. Decflagrates with some violence in the
loose state; if pressed in pellet form ond ignited by a fuzee, the pellet,
deflegrates as long as it is in contact with the hot surface of the fuzee
but is cxtinguishcd os soon as the fuzcc is rcmoved.

Silg




’ Sensitivity. Can be fired by iapact between steel harmer and
anvil but not readily and the ignition does not communicate to the whole
mass.

Stability. Probably very stable.

By treatment of an aqgueous solution of the perchlorate with the
calculated amount of potassium chlorate or by dircet reaction be<ween
ethylenediamine cnd cupric chlorate the corresponding chlorate is obtained
on slow evaporation in the form of Zgyptian bluc crystals, very soluble
in water. '

Ignition tecmperature. (780

Behoviour on Ignition., Exploded with loud bang.

Sensitivity. 4 very light blow (stecl to stecl) caused a loud
explosion.

Ball and Disc Test* 5 inches/L oz. 0; point.

Emcry Friction Test.* 5 ft./sec. O point.

Although very sensitive it was not suffieciently so to funetion
as a single-ingredient cop composition; .303 inch caps containing a
charge of the neat salt pressed at 800 1b. and not varnished could not
be fired in a Service rifle under the most favourable conditions of assembly.

1.4 Dipyridinodiammino cupric perchlorate [CyPyz(NHj)z]GllOA)z

A fairly conecentrated aqucous solution of cupric perchlorate
was divided into two cqual portions; to the first agqueous ammonia was
added dropwise till the preeipitatc of cupric hydroxide just dissolved,
The solution was then warmed gently and the other portion of »supric
porchlorate was added, the resultont preeipitote being taken up by the
dropwise addition of pyridine. On cooling, a crop of bluc hexagonal
crystals was obtnined.  (Found Cu 12,2 [Cu(C5H5N) o(NHz) ] (0104)2
requircs 14.0.7).

On cvaporation of the mother ligquor o crop of large blue cubiecal
crystals, similor in shope to thosc of potassium bromide, with re-entrant
faces was obtained (Found Cu 14.08%, rcequired 14.05%).

The salt is moderately soluble in water but is unstoble in hot
water, readily yielding a precipitate of copper hydroxide. On ignition
the salt deflagrates with moderate violence.

(@]

1.5 Ethylencdiominodiamino cupric perchlorate [Cu en (NHz)o] (C10,,)o. ZHy

This salt was prepared by adding the caleulated quantity of ethylenc-
diamnine together with a slight excess of aqueous ammonia to o strong solution
of cupric pcrchlorate and precipitating by the addition of aleohol, (Found
16.26,. Cu [Cu (NHp.CHp.CHp. NHp. ) (NH3) 5] (C10)),. 2Hp0 requires 16.19% Cu.)
Long reddish purple ncedles, moderately soluble in water. On ignition burns
vigorously.

*Sce paragraph 4.3.2.2. of report.
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1.6 Cuprammonium perchlorate [Cu(NH3),] (C10))»

This salt was made by adding aqueous ammonia dropwise to a fairly
concentrated solution of cupric perchlorate till the precipitate just
dissolved; an equal volume of alcohol was then added to the clear blue
solution, then a large exccss of .880 amonia. 4 vivid blue crystalline
prccipitate of a higher ammino perchloratc was formed and filtered off.

On drying at 100%C. it lost ammonia and beecame dull violet-blue in colour
and granular in appearance. The salt crystallised from water in
rectangular tablets or octahedra.  (Found Cu. 19.% [Cu(NH3),] (C10,)
rcquires 19.25 Cu.). On ignition the salt burned with moderate vigour.

1.7 Di-o-phenylencdiamino cupric pcerchlorate

2.5 groms. of 2CuC03.Cu(OH), (=1 atom Cu) was dissolved in the
minimum amount of hot 60, pcrchloric acid ond on cooling o saturntcd aqueous
solution contnining 4. 32 grams of o-phenylenediomine was added. 8.6 grroms
of purplc platy crystals of the complex perchlorate were filtercd off and
woshed with ~ small volume of water. (Found Cu 14.1¢%; C42Hy 60N, ClLu
requires 13,35 Cu).

The salt is sporingly soluble in cold water; it still retainecd
its purple colour after o ycar's stornge at room temperature showing that

no opprecicble oxidation of the o-phenylenediamine hoad token place.

Ignition Tempcraturc. 268°C.

Bchaviour on ignition. "Popped" cently giving much black smoke
ond o "phenolic" smcll.

Sensitivity. Con casily be fired by impoct between stcel hammer
and anvil,

Ball & Disc Test.* Q7 point = 4 inches/8 oz.

Friction Tcst.* 7 point = 4 ft./scc.

Scnsitizing power for 60/40 potassium chloratc - antimony sulphide

mixturc - is an cxccllent scnsitizer but the compositions arc somecwhot unstable.

1.8 Di-o-phenylencdiamino cupric chlorate

2.16 grom (2/100 mol.) o-phenylencdicmine dissolved in 20 cc. of
worm alcohol wns added to 1/100 mol. cupric chloratc dissolved in 10 ce.
Weibem. 3 groams of purplc plates crystallised out nnd were filtercd off
and wrshed with water.

Ignition tempcrature.  145°C.

Bchaviour on Ignition. Application of a lighted fuzcec causecd
& loud cxplosion.

Scnsitivity. 4 very light blow (stecl to steel) cnused a loud
cxplosion.

*Sce paragraph 4.3.2.2. of rcport.
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Ball and Disc Test.* O3 point = 5 inches/2 oz.

Emery Friction Test* 0% point = <3 ft./sec.

Sensitizing power for 60/4L0 potassiun chlorate-antimony
sulphide mixtures - is a good sensitizer.

Stability. Is unstable; decomposes to a grey inert mass in
a few days at room temperaturc.

1.9 Ethylcnediamino-o-phenylcnediamino cupric chloratc

To .01 mol. o-phenylenediamine and .01 mol. ethylcncdiaminc
dissolved in 20 cc. alcohol was added .01 mol. cupric chloratc dissolved
in 10 cc. of water. Compact dark purple crystals were formecd and were
filtcred off and washcd with alcohol.

The product was cxcessively scnsitive and fircd when struck
(stccl-stecl) under watcr. A .303 inch S.A. cap filled with the ncat sol
pressed at 900 1b., and closed with papcer fired when struck in a Scrvice
rifilies

t

Ignition Tempcraturc - 117%3. The Induction Pcriod to cxplosion

at various tempcraturcs was measurcd with the following rcsults:

Temperaturc Induction Pcriod
oC. (Sces. )
103.5 itS
106.2 10.5
141 OhiD
122 1.5

Stcbility. The salt is unstablc at room tcapcraturc,

1.10 p-phenylenediamino cupric perchloratc and chlorate

Thesc two polymeric salts werc prepnred by adding on agucous
solution of p-phenylcncdicmine to cupric perchloratc nnd chloratc solution
rcspectively. Both were black amorphous bodics rescmbling carbon blrck
in appcareonce and both werce insolublc in the usunl solvents. The perch-
lorate was scnsitive to stccl-stcel impact and the chlorate cxtremely
scnsitive, but necither was very violent. The perchlornte appcared to be
stable and rcetaincd its activity after about o year under domp conditions
storage at room tecupcraturc. The chlorate howcver soon becenme incrt -
presumnbly due to intra molcculor oxidation-rcduction. The scnsitizing
ability of thcse compounds for 60/40 potassium chloratc-ontimony sulphide
mixturcs is not marked.

2.0 Thiourca cuprous complcxes

2.1 Thiourca cuprous pecrchloratc - cuprous cyonomidc complex

NH NH -
2
2{ [Curh,] (0104)} [ | fas | CU,_l/l J
NH,.C = 8 N

cf

e W e A v — & e —— e ——

¥Sec poroagraph 4.5.2.2, of rcport.
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Cupric perchlorate hexahydrate (55.5 grams; .15 mols) was dissolved in

75 cc. of cold water and poured slowly over 22.¢ grams (.3 mols) of
thiourea in a small beaker, The thiourea rapidly dissolved and discharged
the blue colour of the cupric salt; before half the cupric salt had becn
added the solution was clear and hod o faint yellow colour. As the second
half of the cupric salt was added the solution took on a faint apple green
colour, The now strongly acid solution was scratched vigorously and
coolcd on ice when it became syrupy and finclly deposited 27 grams of
colourless crystals which werc filtcred off and washed with o mixture of
nlcohol and ethyl acetate.,  Yield 57 per cent, calculated on the cupric
perchlorate token.

Found Cu = 23.2%, (C10,) = 24.6Q., N = 21.074. S = 19.85%

C¢Hn40aN4 53:L1Cuz requires Cu = 23,.52%%; (C10)) = 24.56..
6li210812%5 120 N = 20,8, S é1”9.7555.

It was very difficult to recrystallize the complex from hot water or
from alcohol-water mixtures becausc it tended to form supersaturated syrups
and lossecs werce great. The soamplc uscd in scnsitizotion cxperiments wes
not recrystallized; considerable acidity is produced by the reduction of
the cupric ion during the prepoaration of the body but it was shown that
aquecous solutions of thc complcx uscd in the cxpcriucnts vwere ncutrnl or cven
slightly alkalinc to litmus. The samplc uscd was gronular ~nd frec-flowing
and consisted of rectongular toblets or stellate aggregates.,

Bchaviour on ignition. Deflaogrates fiercely with a dark red
fleme ond 1little smoke,

Scnsitizing power for 60/L0 pofaSSium chloratc—antimony sulphide.
Is an cxcellent scnsitizer with scnsitizing power almost equal to that of
tetrazence.

Scnsitivity. Is not casily fircd by stccl-stccl impact.

Stobility. The complex alonc is stoble ~t room temperatures but
in contact with potassium chlorate it is not stable.

2.2 Thiourco cuprous picrante complcx (Dithioureo picrato copper)

When o solution of cupric picratc is treated with thiourea o very
insoluble red-brovn cuprous complex is prceipitated; the same body moy be
obtoined in a morec purc form nnd olso morc conveniently by treating
trithiourco cuprous chloridc with o solution of sodium picrate when the
complcx is cbtained in the form of rcddish-brown ncedles unsuitable,
however, for incorporation in cap compositions on account of the low bulk
density ~nd tcndency to fclt together, A free-flowing form of the complex
was obtained by rcerystnllizing the needles from ~ hot agucous solution
of thiourca, onc of the few inedia in which it is appreciocbly soluble. The
resultant garnct-red tablcts arc a hydrate of the original complex and contain
onc moleccular of watcr to cach atom of copper.
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Both the hydrated and anhydrous forms of this comolex were found
to bc mederately good scnsitizers of potassium chlorate-antimony sulphide
mixtures but the anhydrous form was the better; it was obtained in a form
suitable for incorgoration in cap compositions by drying the freoce-flowing
mono-hydratc at 95C. when it lost its water and became considerably
lighter in colour but retained its original crystelline shape.  Thesc
crystals, which wecre used in thc scnsitization cxperiments described in
peragraph 6.3.4 of the report arc regarded as pscudomorphic; the original
dark rcd tablets of the hydratc showed sharp cxtinection under crosscd
nicols but there was no orientation of thc dried form which gave cxtincticen.

16.3 grams of trithioureo cuprous chloride was dissolved in
500 cc, of boiling water and to it was added ropidly and with vigorous stirring
200 ce. of an agqueous solution of sodium picratc obtained from 141.5 groms of
picric acid. Momentarily a light yellow precipitatc was formed but oftcr
a few scconds it suddenly bccame maroon cclourcd and o mass of nccdle
shoped crystals scparated out: they were filtered off, washed with water.
Found - Cu 14.2., 5 = 14.1;.» [CuThoPi] requires Cu 14:3%7, S = 1444,

Propcrties

The onhydrous complex is fairly soluble in acetone cnd if rc-
crystallized from moist acctone the dark red hydrate is obtained. The
complex is split up by concentrated hydrochloric acid and becomes colourlcss
but on moderate dilution it is reformed and crystallizes out agnin
unchanged.

2.3 Thiourea cuprous azide

By trenting one moleccular oroportion of trithiourco cuprcus
chloridec in aqueous solution with onc of sodium acide, colourless felted
ncedles of o thiourea cuprous azide were obtained whosc constituticn hns
not yct becn investigated. :

The azidc group in this body is so diluted with explosively
incrt matcrial thoat on ignition the body burns very slowly ond with o
green fleme.

3.0 Unionized copper complcxes

3.1 BEthylcncdiaminodipicrato copper

To o boiling dilute aqueous soluticn of cupric picrzte o dilute
solution of cthylcnediaminc was added drop by drop; cthylenediaminedipicrato
copper was prccipitated as flesh-coloured plates.

On boiling the complex with an cxeccss of cthylcnedismine sclution
no tracc cf o blue or purplc colour was obscrved, showing th-~t the co-
ordinated picrato groups could not bec casily expelled from the nuclecus cnd
replaced by o further molecule of cthylcnedicmine, in spite of the greot
offinity of this co-ordinator for the cupric ion. TFound Cu 9.9
[ (NH,. CHp. CHp. NHp) Cu (CgHpli207) 5 ] requires Cu 9.9%; .
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Solubility. Very sparingly soluble in water.

Behavicur on Ignition. Deflagrates mildly.

Scnsitivity., Relatively inscnsitive to steel-steel impact,

Sensitizing Power. Slight. More than 5 per cent added to
60-40 potassium chloratc-antimony sulphide mixture causes "fizzling".

Miscellaneous. The bulk density of the sample preparcd was very
lew and the crystalline form unsuited for incorporation in cap compositions.

3.2 Dipyridincdipicrato copper

’; CgHeN~_, i~ /O'C6H2(N02)3 ]
CeHeN~"" TN0.0¢H,(NO,) 5

This body can be preparced by the action of pyridine on an aguecus
solution cf cupric picrate or, mcrc expeditiously, from copper sulphate,
sodiun pieratc and pyridine.

Picric acid (23 grams) was added to 300 cc. of boiling water and
ncutralizod with sodium hydroxide. CuS0).5H,0 (12.5 grems) dissolved in
water was added to the boiling solution 0% sodium picratec and the whole wnnde
up to 600 ccs. If nccessary any slight precipitate of copper hydroxide

was clearcd by the addition of a few drops of sulphuric acid and then 100 ces,

of an aqueous solution of pyridine containing 8.0 grams of pyridinc was
added dropwisc during 15 minutes with vigorous stirring to the solution of
copper salt which was maintained at boiling point throughout. On cooling,
the heavy dark green crystals of the complex were filtered off, washed with
water and dried.  Yield, 33 groms (97 per cent).

Found Cu 9.57 per cent; [(CgHgN)p Cu (CgHpO7N3)p] requires
Cu 9.38 per cent. .

In contrast to ethylenedicminodipicrato-copper, this co.plex
reacts with an excess of its co-ordinator, pyridinc, giving o dork grecn
sclution from which may be isolated dark grcen crystals of a higher couplex
salt containing more than two moleculcs of pyridine, for on cxposure to air
the exccss pyridine discngnges itsclf leaving the criginal dipyridinec body
in"the form of an amorphous light grecn povder,

On trcatment of the crystalline dipyridino beody with aqucous
thiourca the link between copper and pyridine is brokcen, ond the copper is
reduced to the cuprcus state, the green crystals being converted in situ to
garnct-red ploates of cuprous dithicurco picrate hydrate. (Sce prragroph
2.2 of this Appendix).

Solubility. Speringly soluble in beiling watcr, inscluble in
cold watcr.

Bchaviour cn Ignition. On hcating nelts to o black liquid which
deflagrotes fiercely out sprsmodically.




Sensitizing power for 60/4L0 potassium chlorate - antimony sulphide.
Is a good sensitizer, 10 per cent addition being the optimum amount. The
mixtures are powerful and do not readily fizzle in .303 inch caps. (For
further details see paragraph 6.3.2. of report).

Stability. Not yet investigated.

3.3 Dipyridinostyphnato coppcr. [Pngu (C6H08N3)]

When pyridinc is added to an aqueous solution of normal copper
styphnate (or to cgquivalent amounts of normal sodium styphnate and copper
sulphate) an amorphous bright grcen precipitate is formed which is cxtremely
insoluble in water and on ignition deflagratcs with some vigour; it is
dipyridinostyphnato copper.

Many ottcmpts werc made to obtain this body in crystalline form,
for instancec, by adding dilutc aqucous pyridinc to a boiling solution of
discdium styphnatc cnd copper sulphate, by adding on aguecous solution of
sodium styphnate and pyridine to dilutc boiling copper sulphate solution
and finally by adding & mixturc of sodium styphnate and pyridine to a
solution of cuprammonium sulphate., By this last method dark tca-green
neccdles werc obtaincd which containced both pyridinc and ammonia and werc
presumably pyridino ammino styphnato copper. This substancc on ignition
burncd vigorously.

The rcquired dipyridino body was finally obtained in o crystclline
condition by thc following proccss:-

Styphnic acid (3 groms) was dissolved in 200 cc. of boiling water
and half ncutralized with sodium hydroxide. An cxcess (4 grams) of
CuSOASHZO was then added to the hot solution which was brought to the boil
and o dilutc aqucous solution of pyridinc was added dropwisc until the
ycllow precipitatc formed at cach addition just failed to dissolve. The
solution was then cooled to 70°C. and maintnined at this tcmperaturc while
o streom of oir which had passed through o w-sh bottle containing 50/50
agucous pyridine was bubbled through the liquid. Soon a heavy dark green
crystalline deposit was formed, and passage of the pyridinc-laden 2ir was
continued as long s the crystals continucd to form, (When pyridinc laden
air was passcd through a hot solution of copper sulphate ond styphnic accid
the first cffcct was to preeipitatec yellow crystals of pyridinc styphnotec;
on con;inucd passage of pyridinc this was converted into dipyridinostyphnato
copper) .

Dipyridinostyphnato copper - Found Cu 13.57%3 [(C H5N)20{1(06H08N3)]
rcquires Cu 13.687. Dnrk grcen squarc platcs insoluble in Wwater,

Bechavicur on Ignition -~ deflogrates with mederate vigour.

Scnsitizing power of 60/L0 potassium chloratc - antimopy sulphide -
moderatc. (For dcteils of actunl compositions investignted scc paragrephs
6.3.3., and 6.3.4. of rcport).
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3.4 lliscellaneous unionized copper complexes

3.4.1 Licrates

ithen aumonia is added to an aqueous solution of cupric
picrate, an extremely insoluble light green amorphous precipitate is formed
which could not be obtained in a crystallinc state. It is interesting that
if thc rcaction liquid is boiled in a glass vesscl o copper mirror is
sometimes dcposited on the glass., On ignition the dry body deflagratcs
mildly.

By thc action of tricthanolaminc on agqucous cupric picrate o sparingly
solublec bright grceen amorphous precipitate is produccd. The sparing
solubility of this complex is remarkable in view of thc high solubility
of most tricthanolomine salts in water. On ignition thc body smouldcrs.

On cdding on aqucous solution of hydrazince to cupric picratc a ycllow
amorphous preeipitate is produccd which evolves nitrogen on boiling with
water and which when dry burns vigorously on ignition,

411 thc above mentioncd complexcs form persistent surfocc skins
on water, cven on the surface of the recrction mixturc in vhich they cre

formed; this is token os cvidence of their non-ionie naturc.

4.0 =Ithylcncdicmine cobaltic agide

This czide (vhosc composition hhs not yct been determincd) is thot
mentioned in porcgroph 6.2 of the report ns not yiclding any detcctoble
cmount of hydrozoic acid under hot moist conditions.

To = ncorly saturnted nqueous solution of cobnltous nitrate four
molcculnr proportions of sodium azide in watcer vicrc ndded ond then to
the cleor purplc rcd solution nn aqucous solution of cthylcncdicminc drop
by drop till the purplc cimorphous prcoeipitate just dissolved., On acration
the dork red solution becnme brown ycllow in colour ~nd deposited dork red
compact crystals of the complex azide. On ignition thc body burncad
vigorously with - smoky flamc.

No cizide could be deteceted on o bright ~cpper strip suspended in o
weighing bottle over ~ srmplc of the azide after 60 hours stornge ot 120°F,
and 1005 rclative humidity - conditions under which nll other czides which have
been tested reclcnsc considerable nmounts of hydrazoic ~ezid.

5.0 Complex lcod solts contrining tricthonolamine

The threc tricthnnolrmino lead s~lts described below cppcenr to be of
littlc or no usc¢ in cop compositions but their cxistence is rocorded for
scke of complctencss.

5.1 Bisic Lend tricthanolomine nitrote [Pb(0H)(CgHyg03N)] (NO3). Pb(OH),

To o hot 5 per cent cqucous solution of tricthrnelomine ~n cqucous
soluticn of lend nitratc wins ~dded until therc vwns o £-int permancnt
preeipitete. The basic tricthonoline lead nitrate crystollized s o hesyy
microcrystallinc pewder, Feund Pb 62,0, NO3 10,955 Cetl480 gl arbyo
requires b 61.2 N0z 9.27.
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The complex which wns very sparingly soluble in water smouldercd
vigorously when ignited, giving beads of metallic lend.

5.2 Basic tricthonolamine lead pcrchlorate and picrote

The perchlorate was made in an analogous way to the nitrate
decscribed above; it formed hecavy colourless crystnls sparingly soluble
in water. It was mederately scnsitive to steel-stecl impoct and on
ignition deflagrated vigorously.

Found Pb 61.3%; (C10,) 15.57

On mixing warm agqucous solutions of lend acctote and tricthanolamine
picrate and cooling, canary yellow free-flowing crystals of the double picrate
werc obtained. The body had littlc sensitizing power when added to chloratc-
antimony sulphidc mixturcs and was relatively inscnsitive to stecl-steel
impact. On ignition it deflagrated; when thrown on to Wood's mctal at
270°C. .it cxploded immecdiately.

The cbove tricthanolamine salts were not investigeoted further sinee they
appeared to show little prospect of usefulncss in cap comapositions.
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APPENDIX TIT

The Degrce of Sensitization of 60/40 Potnssium Chlorate - Antimeny

Sulphide liixture produced by the oddition of
various Sensitizers

Various percentages of the scnsitizer under investigotion were mixed
with a basic mixturc consisting of 60 pcrcent Potassium Chlorate (grist
as for Al mixturc) and 40 percent of Antimony Sulphide (grist also
as for Al mixture). The scnsitivity of the resultant mixturces was
determined by filling into Scrvice (copper) primer caps under o dead
load of 750 1lb.; +the filling was covercd with o disc of varnished lead-tin
foil as used in Servicc primer caps but no further varnish was applied.
The \change’ in edch, eagpiwas adjusted so that the distance frem fieil ot lip
of cap fell within the limits 0.100 - 0.106 inches, a radiuscd drift having
been used in the pressing. The caps werc cossembled in Ne. 1 Mk.II primer
bodies with two-holed anvils but no clesing plug or scal ond were tested
for sensitivity in thc ball-dropping apparatus using a 1 1b. ball, The
sensitivity was token as the minimum height of f211 required to produce o
run of ten successive firings, a "fizzle" being counted as a failure,

Sensitization figurcs for mnny of the werc common cxplosives deter-
mined in this way werc published in ARD Bxpl. Rep. 373/43 and the present
figures are comparable with thosc rosults. For sake of comporison the
follcewing figurcs, abstrocted from that rcport, ~rc given: -

. Moxinum Degree of
S{chalsatamlyAshe scnsitization Obscrved

(inoh/lb)
Tetrozene 10
Sulphur 10
D.D.N. P.
llercury Fuliidnate
IS5yl eE
PETN

Lead Thiocynnate

Lead Styphnotce

C.E,

Stonnous ncthylene-bis
(nitroschydroxylamine)
Lead Azide

Ground Glass

RDX

wn

W, Vo O\~ ~J OO
N
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The following figures for Scrvice and other cap compositions are also
of interest for purposes of comparison:-

Amount by which (under the standard

conditions) the scnsitivity of the
cemposition exceeds that of
unscnsitized 60/40 mixture.

(inch/1b.)
Al Mixture 9
Q.F. Mixturc 5
Q.3. Mixture )
Mixture 300(&) 9

It should bc noted that a good scnsitization figurc in the present test
docs not ncecessarily imply that the mixturc would be suitable for usc in
. 303 inch caps since it has becn found that there is a greater tendeney %o
"$izzling" in these 'smeller caps than in prirmer caps. In general, however,
o poor figurc in the prescnt test goes hand in hand with poor scnsitivity
in .303 inch caps.

The toble does not includec results on all the sensitizers mentioned
elscwhere in the report since many of the more recent compounds werc tested
directly in .303 inch critical assemblies, the rcquisite .303 inch cartridge
cases with extreme dimensions having become readily available. The taoble
does, howcver, includc rcsults on sundry scnsitizers other than co-ordination
compounds not previously rceported and now given for soke of completcness.

0
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= i Degrec of
Scnsitizer ;ofgggdugc Scnsitization
k (inch/1b)
Lcod Compounds

[#b Thh] (0104)2 16 6

Basic triethanolamine leod

perchlorate 16 3
8 1

Lead Hypophosphite 16 5
8 5
4 4

Lcad Hypophosphite - Lead

Nitrate double salt 2k 6
16 7
8 6
4 5

Lead 3.6 dinitrobenztrinzole 5 =

Lead dinitroquinol 16 I
8 L

Basic lcad trinitro-m-eresylate

(R.D.1322) 16 5
8 5

Lead nitronitrosaminoguanidine 16 I
8 3
4 3
2 3
1 1

Diczo oxidcs

2.6 dinitro-4-diazophcnol

("pore D.D.N.P.") 16 8
8 9
4 7
1 L

2-nitro-4-dinzophenol (R.D.1310) 20 %
10 8
D Vi

4-nitro-2-diazophenol (R.D.1314) 16 10
8 10
L 9
2 7

L3,



Degrec of

Scnsitizer Pciggggagc Sensitization
g (inch/1b)
Misc. Compounds

Nitrocotton (Scrvice,pulverized) 16 1
8 0

Erythritol tctranitrate 16 <-10
8 3

L 3

2 3

Bthylenedinitramine 16 L
8 4

L s

2 )

Thiource 20 0
10 L

Tetramcthyldithiuram disulphide 112 0
8 7

L 3

2 7

1 3

Copper Compounds

[Cu Py), ] (010))0 16 3
10 7

8 6

5 5

L L

2vb 5

1.6 5

[CuPyh_] (In,0g) =1 <=2
Culig 5 i/
[CuPy,(SCN)5 ] 16 3
< 10 6

5 6

2o 5

1425 2

[CuPy,(NO5) 5] 16 <=2
[Cu enp] (NO3)2 16 2

i



¥ SRR T Degree of
Scnsitizer = OB S Scnsitization
) added .
+ (inch/1b)
8 5
4 6
[Cu Thz](NO3) 16 6
[ Cu Thy(H,0)J(NO 3) 16 <=2
| Cuprous cyoncmide-thiourco
cuprous pcrchloratc
complex 16 38
Cupric g-nminccthyl
dithicearbamnte 16 L
i$
[Cu (g-phen),] (C104)2 10 7
3 Cobalt Compound
[Co(NH3)6](C10,) 3 \ 16 1
4
] lcreury Compounds
L3
[Hg Py2](C10,)2 30 5
20 8
| 10 )
| 5 5
[Hg(vH3), 1(C10,) 5 5 2
I Silver Compound
Silver snlt of nitro-
& guonidine 16 < =2
8 < =2 .
Potassium dinitrcbenzfurnzon
‘ oxidc 16 4
. 8 0
~ Scdium dinitroboenzfurczon oxide 16 L
3 3
Borium Styphnate 16 3
8 2
| b 1
|
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