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CHEMISTRY OF METAL PICRAMATES—PART I | |
(COPPER AND SILVER) ~ ~ ~ ==
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University of Gorakhpur, Gorakhpur
(Received 28 October 1969 5 revised 4 March i970) :

Copper and silver picramates have been prepared and their compositions have .
been established by micro-analysis. This has been further confirmed by conduetomet-
rie and potentiometric methods; I.R.'Studies of metal picramates show -H,N->M
coordination where M iscopper and silver. Various exploswe properties of these
picramates have also been studied, ’

The practical utlhty of metal p1crama,tes as prlmary explosives may be of grea,t in-
terest in the technology of explosives chiefly because of the ease of their preparation- and
increased sensitivity towards heat and shock as compared to mietal picrates’:¢. Glowiak!
has studied the explosive properties of lead picramates!. However no detaaled information
is available on other metal picramates. It is only recently that, the chemistry and explosws
properties of ferrous, cobalt and nickel picramates have been intensively studied?. :The
object of the present mvestlgamon is to extend this work to picramates of copper and silver. '

MATERIALS AND METHODS

All the chemicals used were obtained from B.D.H. and were of A.R. grade The methods'
used for conductometric, potentiometric and I.R. studies have been described earlier2.

Preparation of Metal Picramate

Copper and silver nitrate solutions were added to a solution of sodium picramate.
The maximum precipitation would occur when the two components 4 and B are in stoichio~
“ metric ratio. :

x4 + yB = 4a By (Precipitate)

At the first’ 1nstanoe, it would appear that metal plcramate is preclpﬂ:a,ted when the
product of metal ion concentration and picramate ion concentration exceeds ‘the solubi-
lity product of metal picramate. However, this view is not correct since LR. studies indi- -
cated that metal picramates are complex compounds. The products were filtered, ‘washed,
with water and finally with alcohol. The samples were dried in &esmcator to constant
Welght and analysed for their constltuents ;

COMPOSITION OF PICRAMATES

Micro-analysis

¢

The composwlon of metal pmramates was determined by micro-analys’ 8 results of
. Which are glven in Table 1. ‘ :
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TarrE 1
OOMPOSITID:N QF COP?EB AND SILVER PICRAMATES DETEBMINED BY MICRO-ANALYSIS

‘ : . Fornmula : Metal ¢ H N HO
| R
Ou [CoH, (N0, (NH Ol H,0 Cald.  13-81  80-15  1-67  17-50 371
[0 (0 (720 P ‘Found 1310 3016 170 1762 4.0
 AgIO4H, (NOY, (NH)) 0] : Cald. 3527 92354 131 1406  —
Found  34-20  23.58  1-31 1410  —

The fo]long physmo chemical studies were conducted to estabhsh the composmon
of these complexes ; : _ : . ‘

Conductometric Studres

The monovariation method? has been employed in the present study and the results -
5o obtained are represented in Fig. 1 and Fig. 2.

Fig. 1 represents the plot of specific conductance against the volume of sodium * picra- -
mate solution (0:02 M) added. It is evident from the lower part of the curve (Fig. 1)
that conductivity remained almost constant upto the addition of two moles of sodium
_picramate solution per mole of copper sulphate solution.

This was due to the formation of undissociated copper picramate
“Cutt 4 2 [ CeHy (NOy): (NH,) 0]~ = Cu [ CgH, (NOs)z (NH,) O ]2 o

The conductivity suddenly increased -after the addition. of two moles of sodium picra-
mate solution as is evideat from the upper part of the curve (Fig. 1) indicating that the
reaction was complete when two moles of sodium picramate solution per mole of copper
sulphate solution were added. This clearly shows that in this system the complex is formed
at the ratioof 1:2 of metal and ligand respectively.
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5 ml. and total volume = 50 ml.). ml.),
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g Similarly from Fig. 2, it may be concluded that i in silver nitrate-gsodiun: picramate
system the complex is formed in the ratlo of 1: 1 of metal and ligand respectlvely

-

Potentiometric Studies

The results of potentiometric studies are represented graphically in Fig. 3 and Fig. 4

In Fig. 3 the four curves from bottom represent the potentiometric titrations of the
solutions containing copper sulphate and sodium picramate in the molar ratios of 1:0,
1:1, 1:2 and 1:3 respectively (copper picramate is precipitated in last three solutions
and the amount of precipitate depends upon the availability of Cut+ ions and [ C.H,
(NOy), (NH;) O] —ions) with sodium hydroxide solution. The examination of thebottom
curve shows that two moles of sodium hydroxide are needed for the complete precipitation
of Cut+ ions as copper hydroxide whereas in ‘the curve second from bottom only one
eqmvalent of alkali is needed for the complete precipitation. This shows that half of the
Cut ions present in solution have been bonded with the ligand and only half of the
Cu*+ ions are free to react with one equivalent of alkali. The sharp rise in pH with
the addition of alkali as seen in the curve third from bottom shows the absence of free
 Cut ions in the solution, Le. whole of the Cu'+ ions have been attached with the ligand.
" The top curve is quite similar to the curve third from bottom but is at higher - pH due
to excess of sodium picramate. These observations clearly mdlcate the  formation of
1:2 complex in copper pmramate system

In Fig. 4 the four curves from bottom represent the potentiometric titrations of
silver nitrate-sodium picramate in the molar ratios of 1:0,1:1,1:2 and 0:1 respec-
tively, with sodium hydroxide. On the basis of the discussion- similar to above, it may be
concluded that in silver nitrate-sodium picramate system the complex is formed at
the ratio of 1:1 of metal and ligand respectively.
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0005 CuS0, 415 "ml. 0-02.M sodiuni picramate + 30 ml. H 0.

picramate +- 156 ml, H;0.
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4 TaBLE 2
VALUES OF EXPLOSION DELAY AND TEMPERATURE

“Compound- - - Explosion delay - Explosion temperature for
U . at 320°C explogion delay of 10 sec.
{sec.) ) + (°C)
. Cepper picramate  23.54.0-4 375-0-42
Silver picramate 13:-240°4 ’ 342042
TABLE 3

VARTATION OF EXPLOSION DELAY WITH TEMfERA’.l‘I'YBE

Temperature . ) -Explosion delay

E St . Copper pwmmate - - Bilver picramate

o : (se0.) S eeod
280 428 ) 207
290 - - 36-0 : —
300 . ' 30-7 16-2
310 ‘ 264 i —
320 ) - 23-5 13-2
330 . 19:0 - —
340 N L o ‘ 10-8

Structural Studies ﬁ -

The results of micro-analysis, conductometric: and potentlometnc studies suggest the
formula

[ CoHly (NOp)y (NH,) 0%L. M
where & = 1for Agand 2 for Cu -
and Mi is Cuordg. (

INFBA RED SPECTRA STUDIES

TheI R. spectra are givenin Fig. bto7. The absorption associated with the -NH
degenerate deformation mode* is expected to appear near 1600 cm.—? but is greatly
masked by the strong absorption due to -NO; groups in the same region. The -NH
rocking and twisting modes? appear as doublets at 870-885 cm.~ ! in sodium picramate
(Fig. ba,b) are shifted to 930-940 cm. 2 in copper picramate (Fig. 6a,b) and appear as a
single peak at 940 c¢m.™1 in silver picramate (Fig. 7a,b) which clearly indicate the pre-
sence of N—+M coordination.

The above conclusion is also supported by the shift of -N H asymmetric stretching vibra-
tion frequency to 3280 cm.*? and 3340 cm. ' in copper and silver picramates respec-
tively (Fig. 6a,b and 7a,b) as compared to 3400 em.—* i - in ‘the spectrum of sodium: plcra
mate5’® (Fig. 5a,b). ,

| EXPLOSIVE PROPERTIES i

The cornpounds used for the measurement of explosive properties were dried at 100°C

for two to three hours. -

Eawplosion Delay and Temperature

' Explosion delay and temperature were measured by the methods described earlier®
* and the results so obtained are given in Table 2,



‘244 -l ‘Dar 8oi.Jy You. 20,:Ocrosur 1970 ©

“PABLE 4 -

Varvzs of £ AND B FOR DIFFERENT COMPOUNDS

Compound : Aetivatien energy (E) = - " Constant
... (K-eal. mole™) sl (B)
Copper picramate 103 144
!"Silver picramate B £ ‘/ ' 9.7 7
Thermal Sensitivity

Values Dy of explosion delay at various temperatures are glven in Table 3. The
curves representmg the relationship. 1 _
S 1°gDE—'W‘*+B

where E is the activation energy of the physwo—chenucal process controlling explosion
delay, B is a constant and T is the absolute temperature of the bath, are shown in Fig. 8.
From the slopes of these curves which are almost rectilinear, values of activation energies
have been estnnated’ and are glven in Table 4.

The?mbgrdm'metﬂc AMlysis

This was done by the method descrlbed earher2 The results are plotted in'Fig. 9.

From the results it is evident that mixture of silver and silver oxide is obtained at
420°C but copper oxide is not obtained as copper picramate explodes at 280°C. This is so
because the decomposition of silver picramate starts at a compatatively lower temperature
whereas that of copper picramate starts at a hlgher temperature. .

( - ) . PR
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Fig: 8—Variation of log Dy with reclproc&l of Fig. 9——Thermogravnnetrm analysis of Ou(II) and .
- absolute temperature,. ) P Ag(T) picramates. . . 7
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Details of thermograms of Cu(II) and Ag(T) P,icramaftesA(Fig. 9) are given below :

Copper Picramate Curve : , : .
A-B D,esiccato’r-120°0‘ ) , No decompos1t10n of O (pmmmate)?H 0.
B-C 120-160°C . : 'Loss in  weight due to removal of 1 H,0.
¢-p ieo2i0°C | - ‘ " . Constant Welght of C’u (plcramate)z
D-E 210-260°C Loss in weight ‘due to decomposition of
S Cu (picramate),. .
280"0 - ot Explodes in &mmutes

The colour of copper picramate changes to light black at 220°C and dark black at 230°C

Silver Pwmmate Curve

A-B Desiceator-120°C. - Lossin weight due to shght decomposmon
: : of Ag picramate.
B0 120-420°C . Loss in weight due to decomposmon of
4y plcramate ) :
C-D .420-500°C B . Constant weight of: mlxture of (Ag-{—AgzO) '
| 160°C ' The solid melts. '

The colour of sﬂver plcramate changes to black at 140°C and blacklsh white at 420°C,

The results of thermogravimetrie analyms suggest that oopper picramate is thermally
" more stable than silver picramate which is also supported by the data of explosion delay,
explosion temperature and activation energy ete. - The possuble explanation for this de-
crease in thermal stability from copper to sﬂver picramate may be due to the increase in
-0-M-bond distance in thls order.

~ Ewplosion Pressure

Pressure of gasés developed on explosion is an important factor because it serves as
a measure of the capacity of an explosive to do work, although the character of the ‘work

- Tamue b
EXPLOSION PRESSURE FOR DIFFERENT COMPOUNDS ‘ ~

‘DENSITY OF MERCURY (d)==18-595 gm/oc. : GRAVITATIONAL ACOELRRATION (g) = 980-665 om/éec.z,

Compound Height (H) Co Explosmn pressure®
~ : (Bath temp. 350-:2°C)
. (dynesfom.2x 10%) -
. (om.)
Copper picramaté . C 748 ‘ ) 9:530
Silver I’Sier'&mate ; ] 4-918 . o . 6 557

*The explosxon pressure was abtained by takmg 10+0 mg. of the explosive material, f e
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~ TapLpg - , -
H¥IGHTS AND IMPACT ENERGIES FOR 509, IGNITIONS
WEIGHT OF THE HAMMER = 2 kg : WEIGHT OF THE CHARGE = 20 mg
Compound ) Hexght (H) o Impaot energy
. . 7 (oms) ‘ - Kpm
Copper pieramate - 328 ~ S 0-656

" Bilver pioramute ' 16-6 0-332

is determmed by the rate at which the pressure is built up and it was measured by the -
* method outlined earliers. The results of explosion pressure given in Table 5 indicate
\that pressure exerted during the explosion of copper picramate is more than that of silver
plcramate v “

TImpact Sensitivity

The information obtalned by the data of 1mpact sens1t;1v1ty is cons1dered most valuable
asit, gives assurance of safety in manufacture, handling and transportation. ‘

The impact sensitivity of the plcramates was determined on'a machine shghtly modi-
fied in design to one used by Taylor & Weale®. .

The test consists of droppmg a hammer of definite welght from a known helght on to
a weighed quantity of the samples kept in between the surfaces of two stainless steel
Hoffman rollers which are kept in position by the steel collar At each height, 20 trials
were carried out and numbers of ignitions recorded.

- Curves showmg the percentage of ignitions out of 20 trials at various heights are
shown in Fig. 10. The critical heights which bring about 50% ignitions in copper and
silver p1cramates and impact energies'® for the same are givenin Table6.

" These results show that silver picramate is more sensmve towards impact than copper
picramate.

.aof GasAnabysz's ,
so} “The explosion of samplés were carried
: out at 300°C in vacuum and the products
ot were analysed for hydrogen, nitrogen,
-2 g0} - garbon monoxide, ecarbon dioxide, nitric
§ oxide and nitrogen dioxide. The gases
3% were also analysed on a mass spectro-
w sol meter. The errors of these estimations

2 are approximately - 5 per cent.

g " The volume (in litres) of gases evolved
g 3of ~ during explosion of 1kg. explosive, measured
20 at NTP, is called specific or normal volume™*
(Vo). The results given in Table 7 show
o — — that the value of specific volume comes to

0 . 20 30 - 40
HEIGHT (H)cm.

Fig. 10—Impact sensitivity of  Cu(II) and 4g() -
picramates,

* be 346-23 cc. and 14272 ce.. for copper and
silver picramates respectively,
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AN ‘v" <o Tamim 7 ;
GAS ANALYSIS DATA OF THE GASEOUS PRODUOCTS PEODUCED DURING EXPLOSION
OF THESE MATAL PICRAMATES :

Gas ‘ Volume of gas at NTP per gm.
Copper picramate . = Silver picramate
(co.) @o.)
00 - ) 100-30 o 410
N, 200 a7
o, 162-10 : 82-00°
NO : - 63-83 . 13-90
N 0, . — : 1-0

On the bas1s of gas analysm data, the exploswe decomposition of copper and silver .
picramates may be represented by the equations.

[C4H, (NO,), (NHy) O]y Cu = 57.44 €O + 11.49 N2 + 146.13 00, + 38.06 N0
| 1+ 79.54 Cu0 + C

[CH, (NO,), (NH,) O] Ag — 1.5300 + 15.90 N, -+ 5.81 NO + 49.24 co,
’ +061 NO, + 115. 87Ag30+ ¢

(When 1 gm. mole of the compound is exploded the amount of dlfferent gases (gm)
liberated are given in above equations.)

J However when explosion takes place, the decomposition products are more complicat-
ed than mentioned above. .

I3
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